NOTES

The societal budget constraint represents a synthesis of Lotka stable

popul ation growh dynamcs with the standard Sol ow steady-state growth
model . The equilibrium population growth rate is the solution to the

integral equation of stable population theory given by:

W
1= é e~ 9*p(x)m(x)dx (N. 1)

where m(x) is the female birth rate to wonen aged x years. The
equi librium capital-labor ratio is the solution to

k= sf(k) - gk (N.2)

where k is rate of change in k and s is savings per worker. The
conparative-static change in expected lifetime welfare (8W) resulting from
a change in nortality rates across different ages (8p(x)) is found by
taking the differential across equation (I):

w W
oW = g Ulc(x),x])8p(x)dx + é dU/3c(x) *&c dplp(x)dx. (N.3)

Under the assunptions of wutility maximzation and perfect capital markets
the life-cycle consunption pattern is given by:

W at (x) = 3U/3c(0)e~9% (N. 4)
so that

w w
W = é Ulc(x),x]8p(x)dx + 3U/3c(0) é e~F*8c( splp(x)dx (N. 5)

The two terms in equation (N.5) can be interpreted as the change in
expected lifetime welfare that cone from extra years and the val ue of
changes in the consunption pattern needed to acconodate the additiona
years of living. The change in consunption can be eval uated by taking
differentials across the societal budget constraint, vyielding



W w W
0 = [ e F*c(x)8p(x)dx + [ e FXsc[Splp(x)dx - (f(k)=gk) [ e~FXX(x)8p(x)dx
0 0

0
N
- 8k[8p](£'-g) [ e™IXA(x)p(x)dx - BSg[p] (N.6)
0
wher e
w w w
8 = é xe~FXc(x)p(x)dx - (f(k)-gk) OJ' xe~9XX\(x)p(x)dx - k é‘ e~9X\(x)p(x)dx.

Bis the life-cycle value of a marginal increase in the population growh
rate (Arthur and McNcoll, 1978). Following Arthur (1981) this term can
be expressed as:

B = (1/b) [&(Ac-Ar)-kn] (N.7)

where b is the crude birth rate in the stable population T is per capita
consunption, Ae and Ap are the average ages of consunption and production
respectively, and n is the labor/population ratio. Using equation (N.6)
to substitute for the second termin equation (N.5) results in the
expression for the change in lifetine welfare given by equation (3) in the
text.
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ABSTRACT

Thi s paper presents a unique application of the household production
approach to valuing public goods and nonnarket commodities. Technica
rel ati onships are estimted between health attributes, private goods that
affect health, and air quality using panel data drawn froma specia
survey. Statistical tests show that individuals equate marginal rates of
techni cal substitution in household production with relevant price ratios.
This result confirnms theoretical inplications in a particularly critica
context for estimating values of health attributes and air pollution.
Val ue estinmates obtained al so bear on current questions facing

environmental policymakers.



. Introduction

Individuals frequently apply a household technology to combine public
and private goods in the production of nonmarket commodities for fina
consunpt i on. Hori (1975) denonstrates that in these situations, market
prices of private goods together with production function paranmeters my
encode enough information to value both public goods used as inputs and
nonmarket final consunption conmodities. Al'though this valuation
met hodol ogy is objective and market based, it seldom has been applied for
three reasons. First, underlying technical relations either are unknown or
data needed to estimate them are unavailable. Second, even if relevant
technical information is at hand, the consumer’s budget surface in
comodi ty space may not be differentiable when joint production and ot her
conplicating factors are present. As a consequence, the conmodity bundl e
chosen is consistent with any number of marginal rates of substitution and
sought after values of public goods and nonnarket commodities remain
unknown.  Third, joint production and nonconstant returns to scale also
pose serious difficulties when taking the closely related val uation
approach’ of estimating the area behind demand curves for private goods
inputs and final consunption comodities Pollak and Wachter 1975;
Bockstael and MConnel| 1983).

This paper presents a unique application of the househol d production
approach to val uing public goods and nonmarket conmodities which allows for
certain types of joint production and addresses key problens identified by
previous authors. Technical relationships are estimted between health
attributes, private goods, and air quality. Data used in the analysis are
drawn from a special survey designed to inplement the household production

approach. Econonetric estimtes allow for truncated dependent variables in



panel data using tobit models with individual-specific variance conponents
Key results are: (1) attenpts to value detailed attributes of nonnarket
home produced commodities nmay be ill-advised; however, estimating a comon
value for a broadly defined category of attributes may be possible, and (2)
statistical tests show that individuals equate marginal rates of technica
substitution in household production with relevant price ratios. This
latter result confirns behavioral inplications of the theory in a
particularly critical context for estimating values of nonmarket
commodities and public goods. Also, value estinates obtained bear on
current questions concerning air pollution control policy. The Cean Ar
Act of 1970 and its subsequent amendments focus exclusively on health to
justify regulation and requires air quality standards to protect even the
health of those nost sensitive to pollution. The survey data are
sufficiently rich to allow separate value estimates for persons wth normal
respiratory function and persons with chronic respiratory inpairnents

The remainder of this paper is divided into four sections. Section |
describes a sinple household production nodel in a health context and
reviews theoretical issues in obtaining value estimates. Section Il
di scusses the survey instrument and the data coll ected. Section |V
presents econonetric estimates of production functions for health
attributes, as well as values of better air quality and inproved health for
both the normal and respiratory inpaired subsanples. |Inplications and

conclusions are drawn out in Section V.

[, PRELI M NARI ES
The nodel specifies utility (U as a function of market goods (Z) and

health attributes, called synptons, (9



U= Uz 9 (1)
For sinplicity, Zis treated as a single conposite good, but S denotes a
vector neasuring intensity of n health synptons such as shortness of
breath, throat irritation, sinus pain, headache, or cough. Intensity of

the it

B symptom is reduced using a vector (V) of madditional private goods
that do not yield direct utility, a vector of ambient air pollution
concentrations (a), and an endownent of health capital (Q).

Si = Si(v, a, Q) =1, . . .,n (2)
El ements of V represent goods an individual mght purchase to reduce
intensity of particular synptons, and 9 represents genetic predisposition
to experience synptons or presence of chronic health conditions that cause
synptoms.  Notice that equation (2) allows for joint production in that
some or all elements of V may (but do not necessarily) enter sone or al

1

synmpt om production functions. The budget constraint is

1= B2% 4 F575's (3)

wher e Pz denotes the price of Z Pj denotes the price of Vj' and | denotes
I ncome

Aspects of this general approach to nodeling health decisions have
been used in the health economcs literature (e.g., Gossman 1972;
Rosenzwei g and Schultz 1982, 1983), where nedical care is an exanple of V
often considered. In these three papers, however, the stock of health
rather than synptons is treated as the hone produced good, and G ossnan
treats decision making intertenporally in order to analyze changes in the
health stock over tinme. A multiperiod framework would permt a nore
conplete description of air pollution"s cunulative physiological damage

but the present nodel’s focus on synptonms of short duration, suggests that

a one period nodel is appropriate. Moreover, long term panel data



containing both economic and health infornmation necessary to assess
curmul ative physiol ogi cal damage are difficult to obtain.

Simlar nodels also have been used in environnental economcs to
derive theoretically correct nethods for estimating values of air quality
and other environnental attributes (e.g., Courant and Porter 1981; Harford
1984; Harrington and Portney 1987) = These nodels, however, only consider
the case in which m=n =1 and rule out the possibility of joint
production. In this situation, the marginal value of or wllingness to pay
(WIP) for a reduction in air pollution can be derived by setting dU = O and
using first order conditions to obtain

WTP, = - USL/A = - B sl/s] (4)
wher e U1 denotes marginal disutility of the synptom S; denotes the
margi nal effect of air pollution on synptom intensity, si denotes the
margi nal product of ¥, in reducing synptomintensity, and A denotes
marginal utility of income. As shown, nmarginal willingness to pay to
reduce synptom intensity (- Ul/;) equal s the nmarginal cost of doing so
(- B, /s]).

Extensions to situations where mand n take on arbitrary val ues have
been considered in the theory of nulti-ware production by Frisch (1965) as
well as in a public finance context by Hori (1975). Actually, Hori treats
four types of househol d production technology. H's case (3) involving
joint production appears to best characterize the application discussed in
Section |V because a single %. may sinultaneously reduce nore than one
synpt om In this situation, a key result is that marginal values of
synptom intensity (- U /) cannot be re-expressed in terns of narket prices
(Pj) and production function paraneters (S;) unl ess the nunber of private

goods is at least as great as the nunber of synptonms (m > n). [ntuitively,



if m< n, the individual does not have a choice anong some alternative
conbi nations of synptomintensities because there are too few choice

y and the budget surfaces on which each chosen value of gl pyst
2

vari abl es (Vj
lie is not differentiable.
Anot her perspective on this result can be obtained fromthe mfirst

order equations for the vj shown in (5)

[ 1 nl [ ] [ ]
S; + .. S Uy /A P,
- = - (5)
st .. .s® UL/ P
Lm m L _mJ

Each first order condition holds as an equality provided each private good

is purchased in positive quantities. If m < nthe rank of the synptom

i
J

underdeterm ned, intensity of one synptom cannot be varied hol ding others

technology matrix S= {Sy} is at nost m the systemof equations in (5) is
constant, and the marginal value of an individual synptom cannot be
determined. On the other hand, if m= n and the synptomtechnol ogy matrix
is nonsingular, then the rank is n and unique solutions can be conputed for
the Ui/l. If m> n and the technology matrix has full rank, then the
systemis overdeternned, and values for the U, /A can be conputed froma
subset of the first order equations.

Solving (5) conputes marginal values for the nonmarket commodities
produced by the individual. The value of the public good input, a, is the

wei ghted sum of the value of the commodities, where the weights are the

marginal products of @ in reducing synptoms: WIP = - Zi(Ui/k)sia. If the



mar gi nal products of a are known or estimated, solving (5) provides the
i nformation necessary to value nonmarket commodities and public goods

This theoretical overview yields several ideas useful in enpirical
application. First, if m> n and the househol d technol ogy matrix has rank
n, then val ues of nonnarket commodities and public goods are calculated in
a relatively straightforward manner because utility terns can be
el i m nat ed. Second, even in cases where m > n, the household production
approach may fail if there is linear dependence anong the rows of the
technol ogy matrix. Thus, statistical tests of the rank of the matrix
should be performed to ensure differentiability of the budget surface.

Third, if m>n, first order conditions inpose constraints on val ues that
S;';
Fourth, the possibility that m< n suggests that the househol d production

can be taken by the validity of these constraints can be tested
approach nmay be incapable of estimating separate values for a conparatively
| arge nunber of detailed conmodities and that aggregation of comodities
may be necessary to ensure m > n.3

; and Rjneed not yield positive val ues
for -Ui/x, the marginal willingness to pay to reduce intensity of the 1th

Fifth, if m>n, values of §

synptom  OF course, in the sinple case where m=n = 1, the only
requirement is that -Pllsi >0. If m=n =2, a case considered in the
enpirical work presented in Section IV, values of -U;/a and -U,/A both will
be positive only if (Silsé) 2 (P1/P2) 2 (sf/s%). If v, and v, are not
chosen such that their marginal rates of technical substitution bracket
their price ratio, then it is possible to reduce intensity of one synptom

Wi thout increasing intensity of the other and w thout spending nore on

synpt om reducti on.



Sixth, conplications arise in expressing synptom and air pollution
values in situations where sonme or all of the v, are sources of direct
utility, a formof joint production. This problemis inportant (and it is
encountered in the enpirical work presented in Section IV) because of the
difficulty in identifying private goods that are purchased but do not enter
the utility function. To illustrate, assune that m= 2, n = 1 and that v,
but not v, Is a source of both direct positive utility and synptom relief
WIP_ still would equal -(Plsilsi) and therefore coul d be cal cul ated wit hout
knowi ng values for marginal utility terms. |f consunption of V,, however
was used as a basis for this calculation, the sinple fornula -(stilsé)
woul d overestimte WTPG by an amount equal to —(Uzsi/ASé) wher e u, denot es
marginal utility of v, u, > 0). Wen mand n take arbitrary val ues, the
situation is nmore conplex, but in general nonmarket conmodity and public
good values can be determned only if the number of private goods which do
not enter the utility function is at l|least as great as the nunber of fina
commodities. Even if this condition is not net, however, it is possible in
some cases to determ ne whether the value of nonmarket conmodities and

public goods is over- or underestinated.4

[11. DATA

Data used to inplement the household production approach were obtained
froma sanple of 226 residents of two Los Angel es area conmmunities. Each
respondent previously had participated in a study of chronic obstructive
respiratory disease (Detels et al. 1979, 1981). Key aspects of this sanple
are. (1) persons wth physician diagnosed chronic respiratory ailments
del i berately are overrepresented (76 respondents suffered from such

di seases), (2) 50 additional respondents wth self-reported chronic



cough or chronic shortness of breath are included, (3) 151 respondents
lived in @endora, a community with high oxidant air pollution, and 75
respondents lived in Burbank, a community with oxidant pollution |evels
more |ike other urbanized areas in the U S. but with high levels of carbon
monoxi de, (4) all respondents either were nonsmokers or former snokers who
had not snmoked in at |east two years, and (5) all respondents were
househol d heads with full-time jobs (defined as at |east 1,600 hours of
wor k annual 1'y).

Professionally trained interviewers contacted respondents severa
times over a 17 nonth period beginning in July 1985. The first contact
i nvol ved administration of an extensive baseline questionnaire in the
respondent’s hone. Subsequent interviews were conducted by telephone.S
I ncluding the baseline interview, the nunber of contacts with each
respondent varied fromthree to six with an average number of contacts per
respondent of just over five. O the 1147 total contacts (¥ 226 x 5), 644
were with respiratory inpaired subjects (i.e., those either with
physi ci an-di agnosed or self-reported chronic respiratory ailnents) and 503
were with respondents having normal respiratory function

Initial baseline interviews measured four groups of variables: (1)
long term health status, (2) recently experienced health synptons, (3) use
of private goods and activities that m ght reduce symptomintensity, and
(4)  soci oeconom ¢/ denographic and work environment characteristics.
Tel ephone fol lowup interviews inquired further about health symptons and
use of particular private goods. Long termhealth status was nmeasured in
two ways. First, respondents indicated whether a physician ever had
di agnosed asthma (ASTHWA), chronic bronchitis (BRONCH), or other chronic

respiratory disease such as enphysema, tuberculosis, or lung cancer



(OTHDIS).  Second, they stated whether they experience chronic shortness of
breath or wheezing (SHRTWHZ) and/or regularly cough up phl egm sputum or
mucous (FLEMCO). Respondents al so indicated whether they suffer from hay
fever (HAYFEV); however, this condition was not treated as indicative of a
chronic respiratory inpairment.

Both background and followup instrunents also asked which, if any, of
26 health synptonms were experienced in the two days prior to the interview
Synptoms initially were aggregated into two categories defined as: (1)
chest and throat synptoms and (2) all other synptorrs.6 Aggregation to two
categories reduces the nunber of househol d produced final goods (n)
consi dered; however, assigning particular synptons to these categories
admttedly is sonewhat arbitrary. Yet, the classification scheme selected
permts focus on a group of synptons in which there is current policy
interest. Chest and throat synptons identified have been linked to anbient
ozone exposure (see Cerking et al. 1984, for a survey of the evidence) and
federal standards for this air pollutant currently are under review
Moreover, multivariate tobit turns out to be a natural estimation nethod
and aggregating synptons into two categories permts a reduction in
conputation burden. Dickie et al. (1987(a)) report that respondents wth
chronic respiratory inpairments experienced each of the 26 individual
symptons nore often than respondents with normal respiratory function.
This outcone is reflected in Table 1 which tabul ates frequency
distributions of the total number of chest and throat and other synptons
reported by respondents in the two subsanples.7

In the enpirical work reported in Section IV, data on the nunmber of
symptons reported are assuned to be built up from unobserved | atent

variables measuring synptom intensity. As intensity of a particular



synmptom such as cough rises above a threshold, the individual reports
havi ng experienced it; otherwi se he does not. Thus, the frequency
distribution tabulated in Table 1 nerely reflects the nunmber of synptons
that crossed the intensity threshold in the two days prior to the
interview

Private goods which indicated steps taken in the past that m ght
reduce synptons over a period of years, neasured whether the respondent has
and uses: (1) central air conditioning in the home (ACCEN), (2) an air
purifying systemin the home, (3) air conditioning in the autonobile
(ACCAR), and (4) a fuel other than natural gas for cooking (NOTGASCK) .8
These vari abl es represent goods that may provide direct sources of utility
to respondents. Air conditioners, for exanple, not only may provide relief
from mnor health synptoms; but also provide cooling services that yield
direct satisfaction. This problemis discussed further in Section V.

Soci oeconom ¢/ denmogr aphi ¢ vari abl es nmeasured whether the respondent
lived in Burbank or Gendora (BURB) as well as years of age (AGE), gender,
race (white or nonwhite), marital status, and househol d income. Al so,
respondents were asked whether they were exposed to toxic fumes or dust
while at work (EXPWORK).

Finally, each contact with a respondent was natched to measures of
ambient air pollution concentrations, humdity, and tenperature for that
day. Ar nonitoring stations used are those nearest to residences of
respondents in each of the two comunities. Measures were obtained of the
six criteria pollutants for which national anmbient air quality standards
have been established: carbon monoxide (CO, nitrogen dioxide (NXQ2), ozone
(03), sulfur dioxide (S02), lead and total suspended particul ate.

Readings for |ead and particul ate, however, only were avail able for about

10
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ten percent of the days during the study period, forcing exclusion of those
pol lutants fromenpirical work. Each of the renmaining four pollutants were
measured as maxi mum daily one-hour anbi ent concentrations. Maxim are used
because epi deni ol ogi cal and medi cal evi dence suggests that acute synptomns
may be nore closely related to peak than to average pollution
concentrations. The air pollution variables entered then, are averages of
one hour maxima on the two days prior to the interview so as to conform
Wththenmmmemmtofsymnmm.g Tenperature and relative hunidity data

simlarly were averaged across two day periods.

V. ESTIMATES OF HOUSEHOLD SYMPTOM TECHNOLOGY

This section reports estinmates of production functions for chest and
throat and other synptoms. Enpirical estimtes of househol d production
technology in a health context al so have been obtained by Rosenzweig and
Schultz (1983); however, these investigators consider deternminants of birth
wei ght rather than health synptons and do not focus on val ui ng nonnar ket

10

commodities and public goods. The synptom production functions reported

bel ow are estinmated in a bivariate tobit framework with variance
conponent s. 1 Bivariate tobit estimation was perforned because of the
probabl e correlation between disturbances across equations. Gven that
symptons often appear in clusters, individuals reporting synptoms in one
category may also report themin the other. Also, as noted in the
discussion of Table 1, the nodal nunber of synptons reported was zero.

Random di st urbances follow an error conponents pattern, consisting of
the sum of a permanent and a transitory component.

€ i =R, N (6)

iht = "n ¥ Vine
where i denotes type of synptom (chest and throat, other), h denotes
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respondent, and t denotes tinme. The transitory error conponent, Uine?
captures unmeasured effects that vary over individuals, synptons, or tinmne.
The permanent error conponent u,, in contrast, varies only over
individuals; for a given individual it is constant over tinme and common to
production functions for both types of synptons. The permanent error
component serves two purposes in the nodel. First, it captures persistent
unneasured but individual specific factors that influence synptons,

i ncludi ng unnmeasured el ements of @ and/or the threshold at which synptons

are reported. Hence, exerts an independent influence by allow ng

*h
individuals with identical measured characteristics to have different
nunbers of synptomns. Second, a given individual’s permanent error
conponent captures contenporaneous correlation between the two synptom
cl asses.

The W, are assunmed to be independent drawi ngs from identica
distributions. Mundlak (1978) and others have argued that the w, are
likely to be correlated with values of the explanatory variables, and the
error conponents. For example, if an individual knows his own Hp s t hen
utility maxim zation would inply that his choice of private goods depends
on u.. A possi ble solution would be to replace the random effects with
fixed effects in which the u, are assumed to be constants that vary across
i ndi viduals. Mindl ak notes, however, that the fixed effects nodel suffers
froma serious defect if uy is correlated with some or all covariates: It
is inpossible to distinguish between the effects of time invariant
covariates and the fixed effects. This defect of the fixed effects node
is troubl esome, because all covariates except the air pollution neasures
are time invariant. Since the valuation procedure of Section 2 requires

di stingui shing marginal products of private goods from the individual’s



predisposition to illness, the fixed effects nodel was rejected in favor of

random effects.
Both transitory and permanent error conponents are assumed nornally

distributed with E(u) = o0, E(uﬁ) -0

2 2
Vihe) the) = 9y and EQug oo

t #t°. The permanent error conponent is distributed independently of the

”
;, and E(uhuﬁ) = 0 for h # h”;
v

E( = 0, E(u .) =0 for i # 1" or h # h” or

transitory error conponent, so the distribution of the summed error

H H A P4 P4
conponents is normal with E(siht) = 0, E(eiht) =0, + ., and

2_______/
ECeineSine-) = 9 = E(CppeSyne) -
G ven My and the distributional assunptions about the error

hth

conponents, the likelihood for the i ndividual is the product of

i ndependent tobit likelihoods: one tobit for each synptom class in each
th

time period. The conditional |ikelihood for the h " individual is

L) = 7 £ ) 7 Rl lw v £y fw o Feglw @
Sge>0 Sge™0 Sne”? Sne=0

where £(+) is the nornal density and F(+) is the nornmal distribution.
Condi tioning was renoved by integrating over u. |In order to address the
probl em of an unequal number of interviews per respondent, |og-Iikelihood
values first were conmputed for each respondent, and then sumred to obtain
totals.12

Tables 2 and 3 present illustrative synptom production function
estimates for the inpaired and nornmal subsanmples. Equations presented are
representative of a sonewhat broader range of alternative specifications
that are available fromthe authors on request. Aternative specifications
included attenpts to correct for simultaneity between synptoms and private

goods. Bartik (1988) calls attention to this problemin a related context

and Rosenzwei g and Schultz treat it in their previously cited birthweight

13



14

study. Procedures devised for the present study are anal ogous to two-stage
| east squares. In the first stage, reduced form probit demand equations
for each of four private goods (ACHOVE, ACCAR, APHOME, NOTGASCK)13 wer e
estimated. In the second stage, predicted probabilities fromthe reduced
formprobits were to be used as instrunents for private goods in the tobit
synpt om production function nodels. However, explanatory power of the
reduced form probit equations was very poor. In half of the equations for
each subsanple the null hypothesis that all slope coefficients jointly are
zero could not be rejected at the 5 percent level and in all equations key
variabl es such as household inconme had insignificant and often wongly
signed coefficients. Another problemis the absence of private good price
data specific to each respondent. The original survey materials requested
these data but after pretesting, this series of questions was dropped
because many respondents often nade purchases jointly with a house or car
and were unable to provide even an approximate answer. As a consequence,
si mul taneous equation estimation was not pursued further with the likely
outcone that estimates of wllingness to pay for nonmarket conmmodities and
public goods may have a downward bi as. 14
In any case, one result of interest fromthe bivariate tobit estinmates
in Tables 2 and 3 is the outcome of testing the null hypothesis that
estimated synptom production paraneters jointly are zero. In the four
equations reported, a likelihood ratio test rejects this hypothesis at
significance levels less than 1 percent. Also, estimates of the. individua
specific error conponents, denoted s have |arge asynptotic t-statistics

whi ch confirms persistence of unobserved personal characteristics that

af fect synptons.
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Table 2 shows that chronic health ailnments and hay fever are
positively related to synptom occurrence anong nenbers of the inpaired
group. Coefficients of ASTHVA, BRONCH, SHRTWHZ, and HAYFEV are positive in
equations for both chest and throat and other synptons and have associ ated
asynptotic t-statistics that range from 2.1 to 7.6. The coefficient of
FLEMCO is positive and significantly different fromzero at conventional
levels in the chest and throat equation, but its asynptotic t-statistic is
|l ess than unity in the equation for other synptoms. The coefficient of AGE
was not significantly different fromzero in either equation and the
EXPWORK vari abl e was excluded because of convergence problems with the

bivariate tobit algorithm 15

Variabl es measuring gender, race, and narital
status never were included in the anal ysis because 92 percent of the

I npaired respondents were male, 100 percent were white, and 90 percent were
married. Residents of Burbank experience chest and throat synptoms with

| ess frequency than do residents of dendora. O course, many possible
factors could explain this outcone; however, Burbank has had a |ess severe
l ong term anbi ent ozone pollution problemthan G endora. For exanple, in
1986 average one day hourly maxi num ozone readings in Burbank and QG endora
were 8.7 pphm and 10.2 pphm respectively.

Wth respect to private and public inputs to the synptom production
functions, the coefficient of ACCAR is negative and significantly different
fromzero at the 10 percent level using a one tail test in the other
synptons equation, while the coefficient of ACCEN is negative and
significantly different fromzero at the 5 percent l[evel using a one tail
test in both equations. Results from estinated equations not presented

reveal that NOTGASCK and use of air purification at honme never are

significant determinants of synptons in the inpaired subsanple. A so, 03,



CO and N2 exert insignificant influences on occurrence of both types of
synptoms.  Wien four air pollution variables were entered, collinearity
between them appeared to prevent the maxi num |ikelihood algorithm from
convergi ng. Consequently, SO2 was arbitrarily excluded fromthe
specification presented and the three air pollution nmeasures included as
covariates should be interpreted as broader indices of ambient pollutant
concentrations. Variables neasuring tenperature and hum dity were excl uded
fromthe Table 2 specification; but in equations not reported their
coefficients never were significantly different from zero

Table 3 presents corresponding synptom production estimates for the
subsanple with normal respiratory function. HAYFEV is the only health
status variable entered because ASTHVA, BRONCH, SHRTWZ, and FLEMCO were
used to define the inpaired subsanple. Coefficients of HAYFEV are positive
in equations for both chest and throat and other synptonms and have
t-statistics of 1.61 and 1.87, respectively. Coefficients of BURB are
negative; but in contrast to inpaired subsanple results, they are not
significantly different fromzero at conventional |evels. AGE and EXPWORK
enter positively and their coefficients differ significantly fromzero at
2% percent in the other synptons equation. Among private goods entering
the production functions, coefficients of APHOVE and ACHOME never were
significantly different fromzero at conventional |evels, and these
vari abl es are excluded fromthe specification in Table 3. Use of air
conditioning in an autonobile reduced chest and throat synptom occurrences
and cooking with a fuel other than natural gas (marginally) reduces other
synptons. Variables neasuring gender, race, and marital status again were
not considered as the normal subsanple was 94 percent nale, 99 percent

white, and 88 percent married. In the normal subsanple, collinearity and

16



al gorithm convergence problems again limted the nunber of air pollution
variables that could be entered in the same equation. As shown in Table 3,
when @3, CO and NO2, coefficients had associated t-statistics of 1.16 or
smal ler. Tenperature and humdity variables are excluded from the
specification shown in Table 3. In alternative specifications not
reported, coefficients of these variables never were significantly
different from zero in alternative equations not reported

Three pieces of information are required to use the estimates in
Tables 2 and 3 in the calculation of values for nonmarket commodities (the
two types of synptons) and public goods (air pollutants): (1) margina
effects of air pollutants on synptons, (2) marginal effects of private
goods on synptons, and (3) prices of private goods. Marginal products were
defined as the effect of a small change in a good on the expected number of
synptonms.  Conputational formlae were devel oped extending results for the
tobit nodel (see McDonald and Mdffit 1980) to the present context which
allows for variance conmponents error structure. However, because private
goods are neasured as dummy vari abl es and, therefore, cannot be
continuously varied, increnental, rather than marginal, products are used

The final elenents needed to conpute value estimates are the prices of
private goods. Dealers of these goods in the Burbank and G endora areas
were contacted for estimates of initial investnent required to purchase the
goods, average length of life, scrap value (if any), and fuel expense.
After deducting the present scrap value fromthe initial investnent, the
net initial investnent was anortized over the expected |ength of years of
[ife. Adding annual fuel expense yields an estinmate (or range of
estimates) of annual user cost of the private good. The annual costs then

16

were converted to two-day costs to match the survey data. The dependent

17
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variables used in the estinmated equations do not distinguish between one-
and two-day occurrences of synptons, but approxi mately one-half of the
occurrences were reported as two day occurrences. As a consequence, the
value estimates obtained were divided by 1.5 to convert to daily val ues.

Two tests were performed prior to estimating values of synptom and air
pollution reduction. First, calculations were made for both normal and
i npai red subsanples to ensure that relevant ratios of incremental products
of private goods in reducing synptons bracketed the corresponding price
ratio. Recall fromthe discussion in Section 2 that this condition
guarantees that value estimates for reducing both types of synptons are
positive. A problemin naking this calculation is that estimtes of
increnental rates of technical substitution vary across individuals
(incremental products are functions of individual characteristics), but no
respondent specific price information is available. As just indicated,
dealers in Gendora provided the basis for a plausible range of prices to
be constructed for each good. If mdpoints of relevant price ranges are
used together with incremental rates of technical substitution taken from
Tables 2 and 3, the bracketing condition is met for all 100 respondents in
the normal subsanple and 117 of 126 respondents in the inpaired subsanple.
O course, alternative price ratios selected fromthis range neet the
bracketing condition for different nunbers of respondents

Second, possible singularity of the synptom technology matrix was
anal yzed using a Wald test (see Judge et al. 1985, p. 215 for details).17
In the context of estimates in Tables 2 and 3, the distribution of the test
statistic (A) is difficult to evaluate because relevant derivatives are
functions of covariate values and specific to individual respondents

However, if derivatives are evaluated in terns of the underlying |atent



variabl e model, they can be expressed in terns of only parameters and X is

di stributed as XZ

with 1 degree of freedom Adopting this sinpler
approach, p-values for the WAl d test statistic are large: p = .742 for the
i npai red subsanple equations and p = .610 for the nornmal subsanple
equat i ons. 18 As a consequence, the null hypothesis of singularity of the
synmptom technology matrix is not rejected at conventional levels. This
result suggests that in both subsanples, there does not appear to be an

i ndependent technol ogy for reducing the two types of synptoms, budget
constraints are nondifferentiable, and separate value estimtes for
chest and throat and ocher synptoms should not be cal cul at ed.

A common value for reducing chest and throat and other synptoms stil
can be obtained by aggregating the two categories and re-estinmating
production functions in a univariate tobit framework. Table 4 shows
results based on using the same covariates as those reported in Tables 2
and 3 and retaining the variance conponents error structure. The Table 4
equations also make use of a constraint requiring that if m>n = 1, values
of marginal willingness to pay to avoid a synptom nust be identical no
matter which private good is used as the basis for the calculation. In the
case where m= 2 and n = 1, as discussed in Section Il, this single value
is -UI/A = -(Pllsi) = -(PZIS;). In the inpaired subsanple, the restriction

can be tested under the null hypothesis, Hy : 8

(

ACCAR

PACCAR/PACHOME)BACHOME’ where the Bi are coefficients of ACCAR and ACHQOVE

in the latent nodel and the P; are mdpoints fromthe estimted range of

two day prices for the private goods. In corresponding notation, the nul
, , . .

hypothesis to test in the normal subsanple is, 0 ¢ BACCAR

(PACCAR/PNOTGASCK)BNOTGASCK' Both hypotheses are tested against the
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alternative that coefficients of private goods are unconstrained
paraneters.

P-val ues for the parameter restrictions are conparatively large; P =
.623 in the inpaired subsanple and P = .562 in the nornmal subsanple. Thus,
the above null hypotheses are not rejected at conventional significance
| evel s. Respondents appear to equate marginal rates of technica
substitution in production with relevant price ratios; a result that
supports a critical inplication of the previously presented household
production nmodel. Mreover, coefficients of private good variables defined
under the null hypotheses for the two subsanples have t-statistics
exceeding two in absolute value. Performance of remaining variables is
roughly conparable to the bivariate tobit estinmates. A notable exception,
however, is that in the normal subsanple univariate tobit estimates,
coefficients of O3 and NO2 are positive with t-statistics exceeding 1.6.
This outcone suggests that persons with nornmal respiratory function tend to
experience nore synptons when air pollution levels are high, whereas those
with inpaired respiratory function experience synptoms with such regularity
that there is no clear relationship to fluctuations in air quality.
Intensity of particular synptonms may be greater in both subsanpl es when
pol lution levels are high, but this aspect is not directly neasured.

Table 5 presents estimates of marginal willingness to pay to avoid
synptons to reduce two air pollutants. Unconditional values of relieving
synptons and reducing air pollution are calculated for each respondent from
observed univariate tobit nmodels. Table 5 reports the nean, median, and
range of respondents’ marginal willingness to pay to elimnate one health
synmptom for one day as well as nean nmarginal wllingness to pay to reduce

air pollutants by one unit for one day for the nornmal subsanple. Synptom



reduction values range from $0.81 to $1.90 in the inpaired subsanple and

from$0.49 to $1.22 in the nornal subsanple with neans of $1.12 and $0.73

9

in the two subsanpl es, respectively.1 Al'so, values of wllingness to pay

to reduce one hour daily maximum | evels of G and N2 by one part per
mllion are $0.31 and $0.91 in the nornal subsanple. Corresponding
calculations are not reported for the inpaired subsanple because, as shown
in Table 4, coefficients of air pollution variables are not significant at

conventional |evels.

V. CONCLUSION

WIlingness to pay values of synptom reduction and air quality
I nprovenment just presented should be viewed as illustrative approxinations
for two reasons. First, private goods used in computing the estinmates are
likely to be direct sources of utility. Second, synptom experience and
private good purchase decisions are likely to be jointly determ ned.
Neverthel ess, these estimates still are of interest because aspects of
joint production are taken into account. A key finding is that independent
technol ogi es for home producing synptons are difficult to identify, thus
greatly limting the nunmber of individual synptoms for which values can be
conputed. In fact, the 26 synptons anal yzed here had to be aggregated into
a single group before willingness to pay values could be conputed.

This outcone appears to have inplications for estimating wllingness
to pay for nonmarket commodities in other contexts. An obvious exanple
concerns previous estimates of wllingness to pay to avoid health synptons.
Berger et al. (1987) report one day wllingness to pay values for
elimnating each of seven mnor health synptons, such as stuffed up

si nuses, cough, headache and heavy drowsiness that range from $27 per day

21
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to $142 per day. Geen et al. (1978) present estimates of wllingness to
pay to avoid simlarly defined synptons ranging from $26 per day to $79 per
day. In both studies, however, wllingness to pay estinates were obtained
synptom by symptom in a contingent valuation framework that ignores whether
i ndependent technol ogies are available to produce each. Thus, respondents
sinply may have lunped total wllingness to pay for broader health concerns
onto particular synptoms. Sone respondents nay also have inadvertently
stated their willingness to pay to avoid synptons for periods |onger than
one day.

Anot her exanple relates to energing research ained at splitting
willingness to pay to reduce air pollution into health, visibility, and
possi bly other conponents. Froma policy standpoint, this line of inquiry
is inmportant because the Clean Air Act and its subsequent anmendments focus
exclusively on health and give little weight to other reasons why people
may want |lower air pollution [evels. Analyzing |location choice within
metropolitan areas, for exanple, may not provide enough information to
deconpose total willingness to pay into desired conponents. |nstead,
survey procedures must be designed in which respondents are either rem nded
of independent technologies that can be used to home produce air pollution
rel ated goods or else confronted with believable hypothetical situations

that allow one good to vary while others are held constant.
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ENDNOTES

Anot her, possibly troubl esome, aspect of joint production occurs if
some or all elements of V are argunents in the utility function. This
conplication is discussed nmonmentarily.

Hori identifies three sources of nondifferentiability of the budget
surface under joint production. The first occurs if the nunber of
private goods is |ess than the nunmber of conmodities. The second
ari ses because of nonnegativity restrictions on the private goods.
This is not treated directly in the present paper, but if each private
good is purchased in positive quantities, the chosen comrodity bundle
will not lie at the second type of kink. Hori's third cause of
nondifferentiability inplies |inear dependence anong the rows of the
t echnol ogy matri x.

Notice that this point on aggregation may apply to other valuation
met hods as well. Using contingent valuation surveys, for exanple,
Geen et al. (1978) and Berger et al. (1987) obtained value estinmates
of several specific synptons; however, issues relating to existence of
i ndependent synptom technol ogi es never was faced. Future contingent
val uation surveys may do well to consider this point prior to
eliciting estimates of wllingness to pay.

For exanple, suppose m= n = 2 and both private goods are direct
sources of utility. If equation (6) is used to solve for the Ui/x,
then: (1) if the two marginal rates of technical substitution (NMRTS)

do not bracket the price ratio, then the value of the commodity whose
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MRTS is closer in magnitude to the price ratio will be overestimated
whil e the value of the other commodity will be underestinmated; (2) if
the two MRTS values do bracket the price ratio, then the val ue of
either one or both of the coomodities will be overestimated; and (3)
in no case will the value of both conmodities be underestinated.

Both questionnaires are presented and extensively discussed in Volume
Il of Dickie et al. (1987(Db)).

Chest and throat symptons include (1) cough, (2) throat irritation,
(3) husky voice, (4) phlegm sputum or nucous, (5) chest tightness,
(6) could not take a deep breath, (7) pain on deep respiration, (8)
out of breath easily, (9) breathing sounds wheezing or whistling.

QG her synmptons are (1) eye irritation, (2) could not see as well as
usual, (3) eyes sensitive to bright light, (4) ringing in ears (5)
pain in ears, (6) sinus pain, (7) nosebleed, (8) dry and painful nose,
(9) runny nose, (10) fast heartbeat at rest, (11) tired easily, (12)
faintness or dizziness, (13) felt spaced out or disoriented, (14)
headache, (15) chills or fever, (16) nausea, and (17) swollen glands
An alternative to counting the nunber of different synptons
experienced in the two days prior to the interview would be to
consi der the number of synptonidays experienced. Both approaches were
used to construct enpirical estimtes; however, to save space, only
t hose based on counts of different synptons are reported. Both
approaches yield virtually identical value estimates for synptom and
air pollution reduction.

The first three private goods reduce exposure to air pollution by
purifying and conditioning the air. The fourth reduces exposure

because gas stoves emt nitrogen dioxide.
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The equations also were estimated after defining the pollution
variables as the largest of the one hour maxinma on the two days;
simlar results were obtained.

Rosenzwei g and Schultz also initially specify their production
functions in translog formand then test whether restrictions to CES
and Cobb-Douglas forns are justified. This type of analysis is not
pursued here as nost of the covariates used are 0-1 dummy vari abl es.
Squaring these variables does not alter their values. Interaction
variables of course, still could be conputed.

Al though there is a linear relationship between the |atent dependent
variables and the private goods in the tobit nodel, the relationship
between the observed dependent variables and the private goods has the
usual properties of a production function. The expected nunber of
synptoms is decreasing and convex (nonstrictly) in the private goods.
The tobit coefficients and variances of the nodel are estinated by
maxi m zing the likelihood function using the method of Berndt, Hall,
Hal |, and Hausman (1974). The score vectors are specified

anal ytically and the information matrix is approximated nunerically
using the summed outer products of the score vectors. Starting val ues
for the coefficients and the standard deviations of the transitory
error conponents were obtained from two independent tobit regressions
with no permanent error conponent. In prelimnary runs a starting
value of unity was used for the standard deviation of the pernanent
error conponent, but the starting value was adjusted to 1.5 after the

initial estimate was consistently greater than one.
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Covariates in the reduced formregressions are: ASTHVA, BRONCH
FLEMCO, SHRTWZ, HAYFEV, BURB, ACGE, EXPWORK, years of education, nunber
of dependents, household incone, and an occupation dummy variable
measuring whether respondent is a blue collar worker.

An alternative to the two-stage procedure was suggested by Chamberlain
(1980) for random effects probit nodels. Chanberlain’s approach uses
information from tenporal variation in choice variables to distinguish
bet ween production function parameters and the parameters of an
assuned linear correlation between choice variables and the permanent
error conponent. The approach is not well-suited to the present study
because of the lack of tenporal variation in the private goods.

In the inpaired subsanple, inclusion of EXPWORK frequently caused the
bivariate tobit algorithmto fail to converge. This problem arose in
the specification presented in Table 2; consequently the EXPWORK
variabl e was excl uded.

The estimated two-day prices are: $2.34 for ACCEN, $1.00 for ACCAR
$0.80 for NOTGASCK. The discount rate was assuned to be 5 percent.
For further details of the procedure used to estimate prices, see
Dickie et al. (1987(a)).

The Wal d test was chosen because its test statistic can be conputed
using only the unconstrained estimates. Since the |ikelihood and
constraint functions both are nonlinear, reestimating the nodel wth
the constraint inposed would be considerably nore difficult than
conputing the Wald test statistic.

In other estimates of synptom production functions not reported here,
corresponding p-values also are large, alnost always exceeding .25 and

sonetimes the .80-.90 range.
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For conparison purposes, nean values also were estimated at subsanple
means of all explanatory variables. Results differ little wth neans
conputed over respondents. Evaluated at subsanple neans, willingness
to pay to elimnate one synptomfor one day is $1.05 in the inpaired

subsanpl e and $0.70 in the normal subsanple.



TABLE 1
FREQUENCY DI STRI BUTIONS OF SYMPTOMS BY SUBSAMPLE

NUMBER OF CHEST AND

THROAT SYMPTOVB NUMBER OF OTHER
EXPERI ENCED | N PAST SYMPTOMVS EXPERI ENCED
TWO DAYS | N PAST TWO DAYS

| mpai red Nor nal | mpai red Nor nal
0 351 408 257 338
1 84 41 123 79
2 64 18 85 42
3 48 15 73 18
4 37 9 45 12
5 26 4 28 5
6 16 6 14 6
7 8 2 9 2
8 8 0 4 1
9 2 0 2 0
10 0 0 1 0
11 0 0 1 0
12 0 0 2 1
13 0 0 0 0
14 0 0 0 0
15 0 0 0 0
16 0 0 0 0
17 0 0 0 0

Sanpl e Mean 1.348 0. 453 1. 668 0. 692




TABLE 2

BIVARIATE TOBIT SYMPTOM PRODUCTION FUNCTION ESTIMATES:
IMPAIRED SUBSAMPLE?

Chest and Throat Other
Symptoms Symptoms
CONSTANT ) -3.085 -2.043
(~-3.035) (~2.125)
ASTHMA 0.8425 0.6724
(2.328) (1.851)
BRONCH 3.774% 2.936
(7.663) (6.668)
SHRTWHZ . 1.49% 1.235
(3.683) (3.428)
FLEMCO 1.458 0.2526
(4.038) (0.8558)
HAYFEV 1.110 0.6613
(3.509) (2.365)
BURB -1.431 -0.7330
(=2.728) (~1.539)
AGE . 0.2986 2.042
(0.1596) (1.177)
EXPWORK ---b -=2b
ACCAR -0.3485 -0.4395
. (-0.8885) (-1.364)
ACCEN -1.9961 -0.6291
: (-2.834) (-1.829)
03 -0.1672 0.1252
(-0.5638) (=.4475)
co 1.279 -0.06285
. (1.259) (-0.06356)
NO2 - 0.5475 0.6384
(0.7744) (0.9282)
gy 2.617 2.454
(17.70) (20.81)
g ; 1.827
H (21.17)
Chi-Square® 148.7
P-Value for
Wald Test 0.742
Number of d .
lterations 21

3t-statistics are in parentheses.

bDenotes omitted dummy variable. Also, long term health status covariates entering these

equations do not represent mutually exclusive categories.

®The chi-square test statistic is -2InA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

Ythe convergence criterion is 0.5 for the gradient-weighted inverse Hessian,



TABLE 3

BIVARIATE TOBIT SYMPTOM PRODUCTION FUNCTION ESTIMATES:
NORMAL SUBSAMPLE?

Chest and Throat Other
Symptoms Symptoms
CONSTANT -5.789 -5.479
(-2.157) (=-2.790)
HAYFEV 2.316 1.461
(1.614) (1.871)
BURB -1.388 ~-0.6248
(-1.180) (~0.8470)
AGE 4,143 7.075
(0.7873) (2.091)
EXPWORK 0.8707 1.329
(1.157) (2.297)
ACCAR -1.949 -0.6705
(-2.905) (-1.057)
NOTCASCK -0.4613 ~0.8565
(-0.6312) (-1.594)
03 0.2757 0.3592
{0.5867) (0.9674)
co 0.1788 -0.07200
(0.07729) (-0.05241)
NO2 1.841 1.069
{1.162) (1.127)
o, - 3.204 2.435
(10.15) (11.31)
o ©1.828
H b (10.44)
Chi-Square 69.81
P-Value for
Wald Test 0.610
Number of
Iterations 20

d¢-statistics in parentheses.

5The chi-square test statistic is -21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero.

“The convergence criterion is 0.5 for the gradient-weighted inverse Hessian,



TABLE 4

UNIVARIATE TOBIT SYMPTOM PRODUCTION FUNCTION ESTIMATES?

Impaired Normal
Subsample Subsample
CONSTANT -2.253 -6.085
(-1.263) (-2.329)
ASTHMA 1.0333
(1.953)
BRONCH 4,649
(7.708)
SHRTWHZ 1.909
(3.282)
FLEMCO 1.769
(3.607)
HAYFEV 1.574 2,216
‘ (3.137) (2.378)
BURB -1.830 -1.623
(-2.927) (-1.126)
AGE 1.200 6.351
(0.403#) (1.165)
EXPWORK - 1.725
(2.039)
ACCAR -0.5900 -1.260
(-2.585) (-2.425)
03 0.1629 0.5941
{0.4846) . (1.616)
co 1.013 0.3722
(0.8041) (0.2163)
NO2 0.8930 1.726
(1.130) (1.784)
g, 3.884 3.790
(37.29) (22.47)
(o) 2.582 2.516
e (15.88) (8.822)
Chi-Square® 77.88 36.45
P-Valye for
Parameter Restrictions 0.623 0.562
Number of d
{terations 8 5

dt-statistics in parentheses.

bDenotes omitted dummy variable. Also, long term health status covariates entering these
equations do not represent mutually exclusive categories.

®The chi-square test statistic is -21nA, where A is the likelihood ratio, for a test of the
null hypothesis that the slope coefficients in both production functions are all zero,

dThe convergence criterion is 0.5 for the gradient-weighted inverse Hessian,



TABLE 5
MARG NAL W LLINGNESS TO PAY TO RELIEVE SYMPTOMS AND AVAO D AIR POLLUTI ON

| MPAI RED SUBSAMPLE

Synpt ons a3 NO2 CcO
Mean $1.12 ---1a -.-a |
Medi an $1.09
Maxi num $1.90
M ni mum $0. 81

NORVAL  SUBSAMVPLE

Synpt ons 0¢] NO2 CO
Mean $0. 73 $0. 31b $0. 91b -a
Medi an $0.70
Maxi mum $1. 22
M ni mum $0. 49

%Denotes coefficient not significantly different fromzero at 10 percent

| evel using one tail test in estimated equations presented in Table 4.
bEstinates of willingness to pay for reduced air pollution do not vary
across sample nenbers. In the conputational ratio, respondent specific
information appears both in the nunerator and denomi nator and therefore
cancel s out.
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ABSTRACT

The paper is a conparative study of alternative approaches to
the valuation of a public good - air quality, internms of its
effect on norbidity levels. Three indirect approaches have been
enpl oyed in the study: (1) cost of illness, (2) household health
production, and (3) a market goods approach, involving the
derivation of wllingness to pay for clean air by exploiting the
rel ati onshi ps anong the public and market goods. The direct
val uation approach enconpassed several contingent val uation
experinents: (1) open-ended, (2) probe biding, and (3) binary
choice. The estinmates of welfare change val uations derived under
the various approaches are discussed and conpared. The enpirical
analysis is based on results from a househol d survey, consisting
of a stratified random sanple of about 3,300 households from the
Hai fa netropolitan area (in northern Israel). It was carried. out
over a period of 12 months during 1986- 87



VALUATION OF MORBI DI TY REDUCTION DUE TO AIR POLLUTI ON ABATEMENT
DI RECT AND | NDI RECT MEASUREMENTS*

1. | NTRODUCTI ON

The attributes of environmental quality, a public good,
require the adoption of different valuation approaches than those
customarily enployed in studies of market goods. Basically, our
aimis to quantify the change in consumer welfare, or benefits,
measured in noney units, associated with a change (an increase or
a reduction) in the quantity of the environmental good (and the
flow of services concurrent with this change). WIIlingness to pay
(WIP) is the term commonly used to denote this welfare change. The
monetary measures of welfare change are the conpensating variation
and equival ent variation, or surplus in the case of nonnarket
goods where quantity, rather than price changes are involved. The
conpensating surplus (CS) is defined as the incone change which
of fsets the change in utility induced by a change in the level of
the public good, y,holding utility constant at its original |evel
In terms of the expenditure function, m, it is given by:

o = uty® PR VO) - mty's PG VO, (v'>y") (1)
where the superscripts indicate initial (0), or subsequent (1),
st at es, Px is the vector of narket goods prices, V is the indirect
utility function, V(PX.M,y). Mis the expenditure on the market
goods, and y is the public good. Analogously, the equivalent

*

Support for this research was provided by a grant fromthe
U S.-Israel Binational Science Foundation. Several individuals
col l aborated with ne on different parts of the project, and | am
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Carnel Hospital, A Cohen of the Faculty of Industrial &
Managenent Engi neering at the Technion - Israel Institute of
Technology, M Kim of the Departnent of Econom cs at t he
University of Haifa. L. Golan, B. MIler, N Azolai, and G
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to thanks D. Shefer, L. Lave, E. MIls, and E Loehman for
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surplus (ES) is the change in income equivalent to the utility
gain induced by a change in the |level of the nonmarket good,
holding utility at its subsequent |evel

BV = u(y"iPy, V') - nly'iPg, V1) (2)

Two totally different approaches for the valuation of air
qual ity have been used. The first enploys indirect methods, all
of which essentially attenpt to infer the inplicit value of the
public good from observable (and presunably accurately neasured)
prices of private goods and services. For exanple, air quality
affects housing prices as well as expenditures on preventive and
medi cal care that are associated with the effect of pollution on
health. Changes in air quality levels would be expected to shift
the observed demand schedules for these nmarket goods. Fromthe
extent and direction of these shifts, inplicit prices (or margina
willingness to pay valuations) of the relevant public good ni ght
be inferred. The use of market data in the valuation of
envi ronmental goods has been expounded by Mileér (1974), Freenman
(1979], and nore recently and exhaustively by Bockstael, et al.
(1984), and Johansson (1987). One of the indirect approaches used
in this study has to the best of our know edge sel dom been used in
the valuation of public goods in general, and environmental goods
in particular, and in this sense constitutes a novel contribution

“Traditional” indirect approaches enployed in valuing
environnental resources involved techniques such as the trave
cost method (TCM, characteristically used in recreation denmand
studies, or the hedonic price nmethod (HPM, which has been used to
nonetize urban public anenities through the analysis of housing
markets (e.g., Brookshire, et al., 1982, who studied air pollution
effects on property values in California). In TCM for exanple,
researchers have attenpted to value the benefits of a public good,
e.g. Wwater quality, associated with the provision of outdoor
recreation services (the latter being, at least in principle, a
mar ket good).



Househol d heal th production is another indirect nethod. It
focuses on the consequences of health damages associated with an
i nadequat e supply of an environnental good, such as clean air and
water (e.g., Cropper, 1981, GCerking and Stanley, 1986, Berger, et
al, 1987). Here one posits technical relationships between the
i ndi vidual consumer’s health attributes, exposure to environnental
pol lution, and the consunption of private goods that affect health
(such as medical services, or goods which help protect against
exposure to health risks). The maxim zation of utility derived
from the consunption of goods and services and from being healthy,
given these relationships, yields an inplicit value assigned by
the consuner to the environmental good under study.

Cosely related to the health production approach, is the
“cost-of-illness” (CA) method, |ong used by economi sts and
nmedi cal researchers to value the danmages inflicted by
environmental pollution, and hence the value attributable to
Inprovenents in the supply of environnental goods. Here one
estimates the expenditure on nedical services and the val ue of
| ost work and productivity associated with excess norbidity or
nortality. Although easiest to apply in ternms of dat a
availability, it can be shown Harrington and Portney, 1987) that
this method yields an underestimate of the (theoretically correct)
value of the public good.

Alternatively, an altogether different approach, |ess and
| ess hesitantly used econonists, especially in the valuation of
environnental and anenity resources, is a direct approach, in the
sense that it attenpts to elicit consuners’ valuations through
survey interview nethods. This is the contingent valuation nethod
(CW - which elicits valuations within a framework of a
hypot hetical, contingent market for the good or service in
question. The “state-of-the-art” of the contingent valuation
met hod has been summarized by Cummngs, et al ( 1986) and, nore
recently, by Mtchell and Carson (1989).



The different approaches investigated in the present study
are described in Figure 1 (the residential property hedonic nodel
is not dealt with here, however). In this paper we apply themto
the valuation of benefits derived from reducing air
pol lution-induced norbidity. ! To the best of our know edge, ours
is the first conprehensive study which has enpl oyed nost of the
approaches currently used by economists to derive nonetary val ues
of pollution-induced health damages, based on a single, large
primary mcro-data base.

The data were collected through a household survey, carried
out the author in the city of Haifa in northern Israel, over a
12 month period in 1986-87. Al the approaches enployed in the
study (with the exception of the residential prices hedonic nodel)
are based on the sane set of sanple observations. This nmde it
possible to carry out a rather conprehensive enpirical analysis of
the different approaches.

Section 2 of the paper describes the study area, the survey
design and the data collected, as well as presenting a nunber of
sel ected epidemological results. Section 3 deals with the CVM
experinental design and valuations. Section 4 details the specific
indirect market goods nodel enployed in this study. In section 5
we present a brief description of the household health production
mde 1, and in Section 6 the results fromthe CO anal yses,
focusing on the estimtion of due to production gains from
reducing work |osses. A conparative analysis in Section 7 sums up

L A survey of economc studies which have dealt with the valuation
of norbidity damages associated with environmental pollution has
just recently been published. See Cropper and Freeman (1988).
Berger, et al. (1987) have conpared CV/M with CO using a small
sanpl e of Chicago and Denver residents.



the alternative val uation approaches.

2. DATA AND STUDY DESIGN
2.1 Background

Haifa, is an industrial city in northern Israel, situated on
the slopes of M. Carnel and the adjoining Haifa Bay area. The
conbi nation of the region’s topography and neteorol ogical
conditions, and a concentration of heavy industry in the | ower Bay
area (a power plant, oil refineries, a petrochenical conplex, and
others) create conditions conducive to high anbient concentrations
of pollutants, especially S0, and particulate, in parts of the
metropolitan region (depending on topography and w nd direction)
during certain periods of the year.

Maxi mal mean 24- hour 502 concentrations of 197 and 286 ug/M3
were recorded in 1986 and 1987, respectively, with corresponding
maxi mal hal f-hour readings of 1,271 and 2.552.2 During the period
January 1986 - April 1987, 15 violations of the absolute SO2
standard were recorded in Haifa. An Intermttent Control System
(I1CS) which directs the area’s major polluters to switch to
| ow sul fur fuels during environmental episodes, was activated on
23 days. In one single day, April 12, 1996, the nonitoring
stations registered 12 violations of the 99% standard and 2 of
the 100% standard. It had been estimated that on that day al one
the 1CS had prevented the occurrence of at |east 6 additiona
violation of the absolute standard! (Environnental Protection
Service, 1988). It has also been noted that during the same period
measurenents of sulfates concentrations at certain nei ghborhoods

(these are not taken on a regular basis) have registered a

2 Currently there are two anbient standards for SO,: A 99%
“statistical” standard of 780 ug/M°> (300 ppb), with a 1%
exceedance level (176 half-hours per year), and an absolute

standard of 1560 pg/M3 (600 ppb). An expert commttee has recently
proposed converting the 99% standard into a single, 100% standard.

5



three-fold increase over those neasured in 1976. H gh values of CO
were al so recorded in some areas of the city during the report
period.

Concom tantly, evidence has been accumulating indicating a
hi gher incidence and preval ence of respiratory illnesses in the
area. Expansion, actual or planned, of the power and
petrochem cal industries has fostered the famliar Conflict
bet ween econom ¢ devel opment, regional enploynent and income, on
one hand, and the desire for a cleaner environnent, on the other

hand. This, as expected, has stinulated a good deal of public

controversy and nedia involvenent.

2.2 The Househol d Survey

A househol d survey, based on a stratified, cluster area
probability sanple of about 3,600 households, in the netropolitan
area of Haifa was carried out from May 1986 through April  1987.
The sanple was drawn from 137 Census Statistical Areas (CSA),
classified into four socioeconomc groups on the basis of the
| atest (1983) Census. They were then further classified into three
| evel s of anbient pollution. 16 CSAs, each approximating a
different residential neighborhood, were selected to represent the
12 sanpling strata. Gty blocks were randomy sanpled within each
stratum Heads (either spouse) of all the households within each
bl ock were interviewed. The data were collected in the course of a

structured interview, |asting about 30-45 mnutes. The overall
response rate was 81% 9% refused to be interviewed, and anot her
10% coul d not be reached after a second visit.

Besi de the usual socioeconom ¢ and denographic data, and CVM
questions (discussed below), respondents were asked about
perceived air pollution levels in the neighborhood and the work
place, and attitudes towards air pollution. The questionnaire
i ncluded questions on self-assessed health status, present and
past snoking habits of household nenbers, and respiratory
systemrelated synptons and diseases of the respondent and



househol d nenbers. These included the follow ng: Cough and phlegm

coughing or phlegm production first thing in the norning in sumer
ant/or winter, and at other times of the day; and wheezing and its
relationship to having a cold. Additional synptons and di agnoses
were elucidated, in relation to the respondent or other household
menbers: Eye “infection”, sinusitis, allergic irritation of nose
or eyes, eczemn, headache, a running nose, dyspnoea (with or
without effort), pneunpnia, bronchitis, and asthma (including
frequency of attacks over the preceding 12-nmonth period for the

latter three). Use of nedical services (primary clinic visits,

nedi cations), bed days during a two-week recall period, and
hospitalization during the 12 nonths preceding the interview by
any menber of the household were al so recorded.

2.3 Some Epidem ol ogi cal Findi ngs
A dichotonous logit nodel served to characterize respiratory

system di seases and synptons by fitting the nodel to a binary
(0-1) dependent variable, where 1 indicates a reported presence

and 0 the absence of a given synptom or disease. The logit nodel

fits the data to an equation where the dependent variable is
specified as the natural |ogarithmof the odds, y =1n p/(1-p), p
being the probability of observing the phenonenon (synptom or
di sease) and 1-p the probability of not observing it, and y is
regressed against a set of explanatory variables. Separat e
equations were estimated for respondent, his or her spouse, and
the famly’'s children (the latter grouped as one observation).

Thus, the fitted equation is of the form

y=lnp/(l-p) =a+ bxPOL + Zc‘xl. (3)

where POL is the variable indicating pollution |evel (perceived by
the respondent, or measured) In the relevant neighborhood, and the
X's are ot her expl anatory variables. For a dichotonous
classification of neighborhood pollution (used in this analysis),
an odds ratio, indicating the relative “riskiness” of a polluted
nei ghborhood with respect to the preval ence of a given synptom or



di sease, is denoted by p, whose pint estimate is given by

y(1) = y(0) =b = 1lnp = 1n [(p/l-p)IPOL=1 / (p/l-p)lPOL=o]

o p= eb (4)
Thus it has been assumed that there is a constant ratio between
the two odds ratios for given values of the other relevant
variables, and that this ratio is independent of those variables
when individuals with simlar attributes, but residing in
di fferent neighborhoods, are conpared.

Table 1 and Figure 2 give the odd ratios (in Table 1 also the
upper and | ower confidence intervals) for various synptonms and
diseases. It should be stressed that there relationships are also
controlled for snoking habits (which tend to cause simlar
synptons). Only findings in which the |ower 95% confi dence
interval is nore than 1 are reported. There is a marked
consi stency of the findings and the significant relationship
bet ween exposure to air pollution and various neasures of
morbidity is clear. The analysis of data relating to the spouse of
the respondent revealed simlar findings. The findings in relation
to the children in the households also reveal a relationship
bet ween norbidity measures and exposure to air pollution (where
the smoking habits controlled for are those of the parents).

Table 1

Figure 2

3. DIRECT VALUATIONS: CwWM
3.1 Eicitation Technique and Analysis of Responses

Econom sts have long since shown that the correct nmeasure of
wel fare changes due to pollution reduction, and the associ ated
health inprovenents, should be based on people’s willingness to
pay (WP) for pollution abatenent (Schelling, 1968; M shan, 1971).
Conceptual |y, this neasure should capture the four conponents

8



which constitute morbidity damages, namely, (a) opportunity cost
of time sick, (b) out-of-pocket and indirect (public) outlays for
medical services, (c) defensive expenditure, and (d) psychological
losses associated with suffering, pain, hedonic damages, and other
direct utility losses not accounted by the first three categories.
A comprehensive approach to pollution-induced health damage
valuation should incorporate all four components. The money
equivalent of these damages is represented by WTP for enhancing
ambient air quality, through the implied reduction in exposure to
morbidity risks. Of course, other benefits associated with air

pollution abatement should be excluded in this case.

In the present study, pre-testing has shown that - at least
in the case of Israeli respondents - questions which attempted to
elicit monetary valuations for reduced morbidity (e.g., reduction
in a stated number of bed days, the number of days with
respiratory symptoms, or the number of acute situations during a
given period), were ill received by the respondents, or they had
difficulties relating to the situations described in such
questions. Hence, it was imperative to state WTP in terms of
reduction in pollution levels. The Israeli public in general, and
in Haifa in particular, is well aware of the connection between
air pollution and respiratory ailments, although of course not

necessarily of the true dose-response relationships.

Interviewees were queried about the perceived air pollution
levels in their own neighborhood. In order to provide a visual
stimulus, they were shown photographs of the city of Haifa on

visibly polluted and on relatively clean days.3

They were asked to
state their maximum willingness to pay for pollution abatement:
(a) In order to prevent a 50% reduction of present air quality

level of their neighborhood; (b) To achieve a 50% Improvement in

3 The pollution levels shown in the pictures did not necessarily
correspond to the indicated changes in pollution levels, and
mainly served to introduce a measure of realism to the
hypothetical nature of the CVM environment.

9



present nei ghborhood | evels. ¢ The first neasure corresponds to ES
(and following Randall and Stoll, 1980, wll be denoted by WI'Fe);
the second corresponds to CS (denoted by V\7I'PC). The notation
serves to enphasize that both are willingness to pay neasures, not
willingness to accept (WA) ones. Because of the inherent
difficulties in obtaining non-inflated WA responses it was we
deci ded against enploying themin the questionnaire, given the
possibility that this could have mred the WIP responses as well. 5
The paynment vehicle was the municipal property tax, which is
the sole local tax. Respondents were asked to state their WIP in
terns of a percentage of the annual tax assessnent (over and above
their present tax assessnent), by selecting the appropriate
percentage figure froma paynent carg. Respondents who were not
willing to pay any sum were asked about the reasons for the zero
valuation. It was thus possible to distinguish between “true” 0's,
i.e. people who did not place any positive value on the
i nprovenment (or, alternatively, the prevention of deterioration),
and those who Inplicitly registered a protest vote for a variety
of reasons (objecting to the paynent vehicle, believing that the
pol luter should pay, and so on), but who did not necessarily view

4 Specifically, they were instructed to refer back to the
perceived |evel which they had previously indicated as the one
prevailing in their area.

5 On the use of WA vs. WP in C/WM and the controversies
surrounding their derivation in enpirical studies,see Bishop and
Heberlein (1979); Knetsch and Sinden (1984); Gegory (1986);
Mtchell and Carson (1989).

6 Percentage categories (from0%to 100% were |listed on the card
in either ascending or descendi ng or der, vertically or
hori zontal |y These options were randonly assigned to househol ds.
The upper 100%limt did not seemto gonstrain the range of WP
responses. \Wile 90% of the WPE or \/\7rPS values were bel ow 100
NS, only 0.4% of the households were in the 100 NIS or |ess tax
bracket .

10



, . . 7
air quality inprovement as val uel ess .

The variables found to be significant in explaining the
variation in WP%nd WP © (exclusive of protest zero bids) are
presented in Table 2. Since the analyses of the CVM experinents
focused on the subset of positive bidders, it was necessary to
correct for a possible selection bias introduced by dropping the
zero responses. A procedure accounting for this bias is described
in Maddal a (1983).8 The analysis proceeded in tw steps. First, a
probit nodel is used to analyze the determ nants of zero bids,
where the dependent variable takes a value of 1 if WIP>0, and O
otherwise. In the second step positive responses are anal yzed
separately, with the probit nodel providing an estimator to
correct for the selectivity effects resulting from dropping the
observations with zero bids. The adjustnent factor is given by the
rati o ¢(v)/&(V), where ¢ and ® are the normal probability density
function and cunul ative density function, respectively, and
V=b'x. The b’s are maxi mum |ikelihood estimators from the probit
analysis, end x is a vector of explanatory variables belonging to
three categories: variables associated with the respondent’s - or
other famly nenbers’ - health  status, denogr aphi ¢ and
soci oeconomi ¢ variabl es (age, sex, education, birth origin, work
status, famly size), and attitude shaping variables, such as
perception of the authorities’ involvement with pollution control,
t he anount of annual taxes paid, and perceived exposure to air

! Qur interpretation of the data is that although some vehicle
bias exists, it has had only a limted inpact upon the results.

Qut of about 35% of respondents whose WIP=0, 21% (for wrr9) and

17% (for WrPe) gave reasons which could possibly inply an
objection to the payment vehicle itself (“lI already pay too nuch
tax"; "I amnot willing to pay any nore taxes”). Nanely,
altogether approximately not nore than 7% of all respondents were
affected by the vehicle to such an extent that they refused to pay
any positive sum O course, the suns offered by other respondents
may have al so been affected to some unknown degree.

8 It was applied by Kealy and Bishop (1986) in studying recreation
use behavior, and by Smth and Desvousges (1987) in a CVM study on
risks of exposure to hazardous wastes.
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pol lution at home or at the work place. There has been an expected
mar ked i nprovenent in R® when the equations were estimted over the
set of nonzero bid observations.

Table 2

The estimated regressions of nonzero wTP® and WTP® bids, for
the subset of standard WP responses (see the section below) are
reported in table 2 (n=2,230). Respondents who are younger,
femal e, and from a hi gher socioecononic status tend to be willing
to pay nore to inprove air quality, or prevent its further
deterioration. Respondents who are nore aware of pollution in
t hei r nei ghborhoods or work place, who believe too little is spent
on pollution control, believe governnent |s not too effective in
controlling it, and are willing to devote of their time in public
activities to this end, are also willing to contribute nore
towards this goal. And those who thenselves, or their famli es,
suffer fromthe ill health effects of pollution, are also wlling
to pay nore to control it.

3.2 Contingent valuation experinents

The sanpling design used in the study afforded the
possibility of experinmenting with alternative CVM fornmats, used
for difference subsets of the sanple, each of which could be
viewed as a separate random sanple from the sane popul ation. The
only difference between these sanples was that they were taken at
different points in time. Cearly, to the extent that time of year
affected the CVM responses, the statenent above woul d have to be
qual i fied.

The first set of questionnaires (n & 2,300), the “standard”
CW format was used, nanely, an open-ended WIP question. The
respondent was asked to state his or her maxi mum WIP for the
proposed change.

12



It has been suggested that a nore “natural” way to conduct
CWM surveys, thereby adding realismand reducing the inherent
hypot hetical elenment, is through the use of a “Buy - Not buy”
choice inplied by the binary choice format (Cumm ngs, et al,
1986). To this end, a second set of questionnaires (n = 450)
replaced the standard format with a binary choice format, in which
respondents were asked to state whether they would be willing to
pay a given percentage increase in the municipal tax for the sane
$50% changes in pollution | evels. The percentage categories were
drawn from the pay card table, and randomly assigned to
househol ds.

To anal yze these responses, behavior is usually nodeled in a
stochastic fashion, often by positing a random utility nodel to
represent consuner behavior. Wile the binary choice format does
not provide the investigator with information regarding the sanple
distribution of WIP valuations, it does nevertheless enable to
deduce its first nonents - the nean and the medi an. These can be
conpared with the corresponding statistics of the distributions
obtained from the other experiments. Qur analysis followed the
work of Hanemann (1984) and Loehman and De (1982).

A third variant of the CVM format (n & 490) was ai ned at
attenpting to elicit respondents’ true maxi num WP statenents, by
aski ng them whether they woul d have agreed to Increase - and then
by how much - their initial suns had they been inforned that that
sum woul d not be sufficient to acconplish the indicated 50%
change.

In the course of the survey doubts were rai sed whether
respondents were indeed interpreting it to be a one-tinme paynent,
instead of an annual contribution, in conjunction with the payment
of their annual municipal taxes. To this end, a fourth change,
involving a different subset of about 400 respondents, nodified
the nature of the payment, froma one-tine to an annual paynent

13



Tables 3 and 4 display various statistics for the four
experinments, and for the overall sanple: “Standard” maxi mum WP,
repeat bidding, binary choice, and annual vs. one-paynent, for
wrp® and wIP® val uations, respectively. responses. W present here
the results for the anal yses excluding “protest” zero-bidders
(identified through the follow up question).

Table 3

Table 4

In general, WTPe>WTPc,nanely, on average respondents were
willing to pay nore to prevent worsening of pollution than to
i nprove present |evels. However, as noted above, unless we know
the shape of the indifference curves we cannot say a prior
whether this indeed should be the case

Means of the binary choice format are surprisingly close to
those of the standard, and especially the repeat-bid, formts.
Though eliciting less information (WP above or below a certain
val ue, but not actual WP itself), the resulting welfare change
estimates do not very nuch fromthe standard format (particularly
wTP® val uations), or from both wTP® and WTP® in the repeat bid
valuations. The results suggest that, given the sinplicity of the
binary choice format, it should be considered first as the
preferred alternative, particularly where there would not be any
special interest in obtaining the sanple distribution of the CVM
val uations.

Regarding the repeat bidding elicitation procedure, we found
a significant 1increase in nean wrP® and wrpP®, for t hose
respondents who were willing to increase their paynents (who make
up only a subset of all respondents, as one would expect), and who
gave a consistent answer. W tend to interpret these results as
evi dence of the efficacy of this approach in deriving better WP
estimates, supporting Mtchell and Carson’s (1986) advocacy of it.
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W did not find significant differences between the responses
of the annual and one-paynent groups, supporting our suspicion
that respondents processed the WIP questions in the sane way they
would relate to the annual nunicipal tax paynent.

3.3 WIP€ vs. wrP® r esponses
A different analysis of WP responses is presented in Table

5, where a different grouping of nean sanple values of WP and WP
for air quality changes is presented. The table is based on
responses from the subset of standard WIP  questionnaires
Nei ghbor hoods (=CSA's) were divided into the three pollution
l evel s. Wth regard to WTP®, it was assuned that a 50% i npr ovenent
roughly inplies that a neighborhood with noderate air quality
woul d be upgraded into one with good air quality, i.e., a
(relatively) clean one, and that a “bad” nei ghborhood woul d nove
into the “noderate” category. Simlarly, with respect to wP®, a
50% deterioration In pollution levels would inply a downgrading of
a relatively clean neighborhood to one with noderate I|evels, and
S0 on.9 Thus, on average, an individual living in a noderately
pol | ut ed nei ghborhood (according to his or her perception) would
be willing to contribute NIS 37.9 annually towards inproving air
quality, and NIS 40.0 In order to prevent a worsening of present
| evel s.

Table 5

The rel ationship between these two wel fare change neasures
for any given sub-sanple of nei ghborhood househol ds i s anbi guous.
Whi | e wIp® > wrP® for moder ately polluted neighborhoods, the
reverse holds for those badly polluted. However, both wrP® and
WIP® increase with pollution levels, and the between-group

? The nei ghbor hood narked “Very poor” in Table 5 is a fictitious
nei ghbor hood, created by hypothetically downgrading the “poor”
nei ghbor hood cat egory.
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differences are significant (non-paranetric nedian test). The
two-sanpl e nean tests indicate that although wTP® and wrp® differ
significantly, wrp® > WIP® in one case (respondents  from
poor-quality  neighborhoods), but the reverse holds for
moder at e-qual ity nei ghbor hoods.

3.4 Reliability of CVM val uations
Doubts about the truthful revelation of preferences obtained

t hrough direct questioning procedures still dom nate many
di scussions involving the use of direct WIP val uations. Four
“Reference Operating Conditions” (ROC s) have been proposed by
Cummings, et al (1986), as criteria for evaluating CVM
applications in general, and for evaluating the accuracy of the
values obtained in particular. These conditions are (a)
famliarity with the commodity, (b) prior valuation and choice
experience with respect to consunption levels of the comodity,
(c) the presence of little uncertainty and, (d) the use of WP
rather than WA (willingness to accept) valuations

In exam ning these conditions In the context of the present
study, we note first that the city of Haifa and its environs
provide a suitable setting for obtaining WIP responses in a CVM
environnent. |ts topographical |ayout and the location of its
i ndustry introduce inter-neighborhood variability in anbient air
qual ity, about which there is a fair level of public awareness. In
recent years, the local media have frequently addressed the issue
of air pollution-induced diseases. It is therefore likely that
respondents were not placed in a position of having to respond to
hypot heti cal CVM questions. Mreover, it has been surmised that a
willingness to pay for air pollution abatement would tend to
involve little or no strategic biases attributed to CVM surveys,
because relatively small suns of noney (per household) are
typically involved. Thus, of the four conditions noted above, the
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first and the last have been satisfied in this study. 10

Regarding ROC #2, all that can be clained is that subjects
were famliar with the vehicle (city property tax assessments),
al t hough, naturally, they had had no prior experience wth
valuing air quality in this particular manner. However, it is
doubt ful whether ROC #3 was fulfilled in this study. First,
uncertainty is ingrained in dose-response relationships between
air pollution and health, especially when lay people are involved.
Secondly, an altogether different type of uncertainty nay have
surrounded the stipulated change in the supply of the “paid-for”
comodity (the indicated |evel of air quality inprovenent), had
the payment indeed been made. Although the phrasing of the
rel evant question attenpted to alleviate this source of
uncertainty, we have no way of ascertaining whether this had been
successful Iy achi eved.

3.5 Popul ation CVM Estimates
Popul ation estimates of WTP® and WIP® for the entire Haifa

metropolitan region, were derived using the following entities:

NiS = The nunber of households in the i-th CSA by enpl oynent
status (s) of the head of the household (enployed, self-enployed
and unenpl oyed] .

Is = Average net nonthly incone per household of househol ds
whose heads were enployed (Central Bureau of Statistics, 1985h).
Since incone of self-enployed by CSAis not available, it was
determned on the basis of sanple neans, after proper adjustments
Incone |levels were converted to 1987 NI'S using the Cost-of-Living
I ndex and the change in real incone of salaried workers (Bank of
|srael, 1988).

Al'l census areas were classified by socioecononmic |evel (e)

10 I ndeed, the survey indicates that subjects were highly famliar
with the various pollution levels in their respective
nei ghborhoods. As noted in an earlier footnote, a high partial
correlation between neasured and perceived pollution levels is
evi dent .
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and pollution level (p), corresponding to those used in
del ineating the sampling strata. Using these data, WIP® and WTP®
totals for each CSA, were derived by grouping all CSA's (sanple
and non-sanple) according to their respective socioeconomc |eve

(e) and pollution level (p). Each CSA was further sub-divided by
enpl oynent status. The corresponding sample CSA mean WP val ue was
used for calculating population totals for each sub-group within
each CSA. Regional totals were then obtained by aggregating
empl oynent -group totals within each CSA and then aggregating over
all CSA's. Total regional annual benefits of pollution reduction
(zwTP®) and of prevention (zwTP®) anounted to NIS 3.9 and 9.9
ml., respectively (at the then prevailing exchange rate of 1.5
NNSto $ 1 US, $2.6 and 6.6 nil.)

4. | NDI RECT VALUATION. DERIVING EXACT WELFARE CHANGE MEASURES
4.1 Introduction
In calculating benefits associated with a larger supply of

the environnental public good through its relationship” with some
mar ket good(s), one mght begin with estimating a demand function
for the market good from observed price-quantity data. The
benefits fromthe public good woul d be derived by conputing the
change in consuners’ surplus associated with a corresponding shift
in the market demand schedul e. This method woul d be expected to
yield an approximate value of the potential welfare change (Just,

et al, 1982). Aternatively, exact (in the theoretical, not
statistical, sense) neasures of welfare change may be obtained by
eval uating an expenditure function underlying the ordinary
mar ket - good denmand system using duality theory (Hausman, 1981,

Vartia, 1983; Loehman, 1986). This approach is discussed in this
section.

In order to eventually “untangle” the demand val uations of
the public good fromthose observed for the market goods, the
posited demand system ought to satisfy two conditions. The narKket
and nonnar ket goods nust be non-separable, and a price vector
which would drive the marginal utility from the nonmarket goods to
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zero shoul d exi st (Miler, 1974). These conditions enable the
recovery of the preference ordering for this group of goods and,
subsequently, the conpensated demand (or marginal wllingness to
pay) schedule for the public good, fromwhich valuations of
changes in the quantity of that good can be derived. The denand
system specified below satisfies the first condition; the second
condition is not testable, but assumed.

Specifically, in this study a twice differentiable indirect
utility function was assuned. Duality theory (Roy's identity) is
i nvoked in deriving the corresponding budget share equations. This
parti al systeml1 enconpasses two market goods, housing services and
nmedi cal services, denoted by the vector X in the fornulation
below,” and a public good, air quality, denoted by y. The
expenditure function, derived fromthe posited indirect utility
function, is then used to calculate the nonetary value of welfare
changes associated with shifts in the level of air quality. By
Shephard’s Lemma, the partial derivative of the expenditure
function with respect to price yields a H cksian conpensated
demand function (cf. Varian, 1984); the derivative with respect
to the public good yields the demand “price” function for the

public good.

W know of only one recent study which adopted a simlar,
indirect market good approach to the enpirical estimation of the

11 . . -

Partial demand system are frequently encountered in enpirica
studies. This is characteristically due to data |imtations which
preclude the estimation of all the unknown paraneters in the
conpl ete demand system In order to recover the preferences for
the nonmarket good from the partial systemit is necessary to
assune that the group of commodities which make up the partia
system is separable in consunption from all other commodities
(Hanemann and Morey, 1987). These authors go on to show that the
conpensating and equivalent neasures calculated from a parti al
demand system need not be identical with those calculated froma
full system CV would be a |ower bound on the conventiona
conmpensating measure, while EV might be greater than, |ess than,
or equal to the full system neasure.
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benefits associated with an environmental good (Shapiro and Smith,
1981). Qur paper differs in its use of individual, mcro data, as
compared to their use of aggregate data, and in deriving exact
wel fare measures (which was not the focus of that paper). In
connection with nmeasuring cost of |iving changes, Cobb (1987) has
used a “translating variables” specification in incorporating
nonnar ket goods in budget share equation systemns.

4.2 Model specification and estination

The specification chosen for the indirect utility function is
the translog function (Christensen et.al., 1975), defined in terms

]
of nornalized prices of the two nmarket goods, P =P, /M, the

nonmar ket good - air quality - y, and household characteristics:
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L ]
o 1 + (az + 721ny) 1n P2 +

+

1 . 1 .2 - L
5 [(B11 3.4 ny)(1ln P1] +(312 +.612 lny)lnP1 1nP,

(5)

+

» L ] - 2
lny)).nP1 1nP2 + (822 + lrw)[lanl ]

(Byy + 3y 352

. .
In Py [¢) 0y + #1505 + 50y + 4,0, + ¢, che]

. _
In P, [85)h) + ¢0h; + ¢ 50y + &40, + é5hgl + Z ¢ h

» -
wher e l='1 is the (nornalized) price of housing services, and Pz IS

the (nornalized) price of nedical services. The hi’s are

di chot omous vari abl es which represent famly or head of househol d

heal th characteristics: h1 - snoking habits, hz - respiratory

i1l ness synptoms (head of househol d), - respiratory illness
Bs

+

+

synptons (all other household nenbers), h4 - respiratory diseases
(head of household), and hg = respiratory diseases (all other
househol d menbers).

By Applying Roy's identity to eq. (5) the follow ng share
equations are derived:
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Sl is the share of the ith market good in total expenditures, M
Symmetry constraints (analogous to the integrability condition
from demand theory, see Christensen, et al., 1975) have been
i nposed on the denmand system vijz., BiJ=BJ1' 61J=6J1 and ¢1k='¢2k
for all k, causing the characteristic variables to drop out of D
above (cf. Jorgenson and Slesnick, 1987). 12 Furthernore, the budget
share equati ons shoul d be honbgeneous of degree zero in the
paraneters. To this end, a convenient. normal i zation  which
guarantees this condition is Fa =-1 (cf. Christensen and Manser,

1977). The demand system should also satisfy the adding-up
restriction, f.si=1. which inplies that the paraneters of the

second equation in our two-equation system can be determned from

12

) Note that after some rewiting, equation (6) takes the follow ng
form

)lny]InP + ...}/

1
Sy = {..+ [5(8,54B;,) 2(’512 21 2

» »
= {...+ (812+6121ny)1n1>2 + ...}/

»  J -
52 = {...+ (321+6211ny)1nP1 + ...}/D

. -
\/\,here312=1/2(£312+BZ1 , etc. Since the paraneters 512’ 321. 12’
and 621 are not |dent|f| abl e vvnen estl mating the share equati ons,
the paraneters 812—321 and 612 21 are estimated instead. To

sinplify notation, however, the asterisks have been suppressed in
the rest of the paper.
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those of the first system hence, only one equation needs to be

estimated. W may note that the present data base has nmde it

possible to incorporate individual health characteristics, related

to respiratory illnesses and synptons, into the posited preference

function. 13 In this sense, the present indirect valuation can also
be likened to the househol d health production approach used to

evaluate norbidity and nortality benefits (see bel ow).

Annual nmunicipal tax assessnents were used as proxies for
housing prices in the estimation of the budget share (eq. 6). Its
rates generally reflect dwelling quality and the soci oeconom c
status of the neighborhood. This variable was used instead of
i mputed rental val ue because there are no reliable, published
statistics on housing prices by neighborhood and housing quality.
Consunption of housing services has been assumed to be given by
dwel I'ing size

The price of medical services was calculated as a wei ghted
i ndex of national, average estimates of primary clinic cost per
patient visit and hospitalization costs for all i Il nesses
Consunption of nedical visits was given by a predicted nunber of
clinic visits, derived froma logit regression analysis of the

survey data.14 Hospitalization data were taken directly fromthe

13 For the inclusion of characteristics in an indirect translog
utility function, see Wodbury (1983), in connection with a node
describing | abor conpensation. The characteristics there are
par amet ers whi ch describe the worker or the work place. In a
simlar vain, Mrey (1985) incorporated personal and site
attributes in estimating a demand system for ski resorts (see also
Jorgenson and Sl esnick, 1987).

14 Respondents were asked whether they visited a clinic during a
two week recall period prior to the date of the interview The
logit regressions yielded predicted probabilities of at |east one
visit during the two week period as a function of soci oeconomc
and health characteristics, and a seasonal variable. These
probabilities were then converted into an expected annual nunber
of visits for each househol d.
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questionnaire, where respondents were asked to indicate whether
they had been hospitalized for respiratory  systemrel ated
il nesses during the 12-nonth period preceding the interview. 15 The
hh‘ks are health attributes of the respondent (head of househol d)
or other household nenbers, that are presuned to be associated
with, or induced by, air pollution (with the exception of snoking
which itself induces simlar synmptoms). The health variabl es
i nclude coughing, Wwheezing, sputum em ssion and shortness of
breath; diseases refer to asthma, bronchitis, pneunonia, and other
| ower respiratory tract diseases. As already indicated, y stands
for the perceived level of neighborhood pollution. Respondents

were requested to indicate this on a severity scale of 1 to 6. 16

To estimate the share equation (6) we enployed a procedure
that conbines iterative minimzation methods for non-1inear
regression With OLS estimation, inposing the symmetry and
addi ng-up restrictions. Al variables were normalized through
division by their respective sanple nean. Table 6 displays the
paranmeter estimates. Inserting the paraneter estimates fromthe
budget share (5) into the indirect utility function (4), and

15 It should be noted that the majority of fanmilies belong to one
of several quasi-public health insurance schemes, and do not pay
directly for nedical services. However, paying for private medical
visits and nmedications in order to obtain faster, and often better
quality treatnment is quite comon, especially with sick children.

Information on these extra costs, available from the survey, was
also used in deriving expenditure levels. It can therefore be
surmsed that the nunber of clinic visits, 1in and by itself,

reflects an opportunity cost of tine in obtaining nedical

treatment, even though no immediate paynent is necessarily
associated with it.

16 Wi le the perceived |level of pollution may directly affect the
demand for housing and hence values, its inpact upon nedical

expenditure is indirect; the latter, are affected by actual

pol lution levels. However, there is a rather high partial

correl ation between these two neasures (r=0.77). On the
appropri ateness of using perceived rather than actual measures of

pol lution levels from a psychol ogi cal perspective, see Zeidner and
Shechter (1988). It may be noted that had it been possible to
elicit quantitative responses for perceived air quality, it

probably woul d have been possible to use the restricted indirect

utility function as suggested by Diewert (1978).
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evaluating its partial derivatives with respect to prices, income

and the public good, at the point of neans, it can be shown that
aV/aP;<o (i=1,2), avsaM>0, and av/dy>0, as expected. utility
decreases with a rise in the (nornalized) prices of housing and
medi cal services, and rises with the Ievel of noney expenditure on
the two market goods and with the level of air quality. It can
al so be shown that the function possesses the correct signs for

the second derivati ves.

4.3 Wl fare change neasures

The expenditure function takes on the form

u= {- [a1+a2+(1nP1)(b1+b2)+(1nP2)(b2+b3)]
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Gven the paraneter estimates fromeq. (6), CS and ES val ues
(egs. 1 and 2) - associated with a 250% shift from the baseline
air quality levels - can be calculated using eq. (7). These
cal cul ations yielded annual payments of 2.33 end 105.10 NS,
respectively, per household. Because the expenditure function is
nonlinear, the values which have Just been calculated are
equivalent to evaluating a function of the formf(x), which
general ly would not yield the same val ues obtained from eval uating
f(x) instead. Thus, we have also conputed the neans of individua
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valuations by calculating the two welfare neasures for each
househol d, using the relevant attributes for that household. These
cal culations yielded the following mean valuations for the sanple
of househol ds: WIP®= 9.81 NI'S (S = 38.3), and WIP® = 73.25 (s =
106.2). As noted above, and shown by Loehman (1986), there is no a
priori theoretical Justification for expecting either EV>CV or the
reverse; both cases are consistent with theory, and the direction
of the inequality sign depends on the shape of the indifference
curves.

The expenditure function for utility kept at a level
associated with the initial (sanple mean) air quality is shown in
Figure 3 (on a logarithnic scale). The corresponding Bradford-type
bid curves, showing WIP as a function of y for utility held at the
initial level (CS), and at the final level (ES), are drawn in
Figure 4 (marked wTP® and WTPe.respectiver). It can be seen from
Figure 3 that the nmarginal bid function, or the conpensated denand
for the public good (the partial derivative of the expenditure
function with respect to the public good, for given market good
prices and utility level), would be negatively sl oped.

Figure 3

Figure 4

5. I NDIRECT VALUATI ON: HEALTH PRODUCTI ON  APPROACH

5.1 Introduction

The househol d health production is the basis of a valuation
approach in which the benefits from a public good, viz.,
environmental quality, are assessed indirectly through househol d
optim zing behavior with respect to the production (and
consunption) of good health. This health “capital” is an argument
inthe utility function, along with other goods and services. The
production of health contributes to utility on two counts: (1)
Reduci ng expenditures on health care services, Which otherw se
woul d have decreased the anount of incone available for spending
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on utility-enhancing goods and servicesl7; (2) Dimnishing the
inpact on utility through income reduction caused by work-I|oss
days, or increasing incone through productivity gains. In this
framework, one woul d al so have to consider decisions concerning the
noney tine spent on preventive or averting activities. These
contribute directly to the production of health stock (but also
reduce the budget available for goods and services). O course.
the total effect on utility amounts to a WIP val uation of the
wel fare changes attributable to changes in the quantity of the
envi ronmental good

Several studies have used the health production approach to
estimate the value of reducing health risk resulting fromair
pol lution abatenent (e.g., Cropper, 1981; Gerking and Stanl ey,
1986; Harrington and Portney, 1987; Berger, et al., 1987; Dickie
and Cerking, 1988). The enphasis has been on the inclusion of
preventive expenditure in a wutility maximzing franework, and
denonstrating the theoretical superiority of this approach
conpared to the CO approach. The latter overlooks preventive
expenditure, nanely, the possibility that individuals yield a
measure of control over the state of their health, any direct
utility losses associated with illness, and the value of bed-day
| osses of the non-working population (cf., e.g., Cooper and Rice,
1976). It should be noted, however, that in the various enpirica
appl i cations of the health production appr oach, t he
budget -reduci ng or incone-enhancing effects have generally been
not explicitly considered, and a fixed budget is assumed. \Wat one
is left with is usually a utility maximzing framework where only
preventive activities (in addition to nmedical care and other
consunption expenditure) are taken into account (see the enpirica
sections of the above cited studies).

In this section we outline a nodel which attenpts to provide

17 To the extent that the utility derived from consunption of goods
and services is in turn affected by health conditions, then
reduction of bed days would also be taken into account.
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8 and t he

dynani ¢ aspects of the health production process. Since we too

a conprehensive framework for dealing wth uncertai nty1

assume a fixed budget, our approach yields Valuations of the
environnental good which do not take into consideration the |abor
savings component. W only outline the nodel here (for a full
description see Shechter, 1988), and then provide sonme tentative
WP estimates.

5.2 The nodel

Assune an individual producing different |evels of health
depending upon initial health stock, the anmount of nedical or
preventive care consuned, the level of the environnental public
good, and socioeconomc attributes. Uncertainty is represented by
probabilities of being in an ill or a healthy state, following a
first-order Markovian process (Hey and Patel, 1983). Several
sinplifying assunptions, some quite strong, have been nade: (1)
The probabilities are a function of the individual’s current
health state and not affected by age or by past nedical history.
(2) Two types of health stock related expenditure  exist:
Preventive care and nedical care, where the fornmer is exercised
only when the individual is healthy, while the latter is consumed
only when he or she is ill.

The health production process is given by:

H.h(mh, y, o) when healthy
H= (8)

Hs(ms, y, o) when 111

.2 2
d 8 2] 8°H
E_Hhm : .é_s>o : Z_H >0 and g% §0 (for h and s); H: <0; 2 <0
m.h ms Yy amh 8ms

18 A different approach to uncertainty is given by Berger, et al.
(1987).
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where

H- the individual's health [evel

m - amount of preventive care consumed,
m - anount of nedical care consumed,

y - the level of the environnental good,

o ~ socioeconomc characteristics of the individual

The budget constraint is:

_ XCx + mh-Ch when heal t hy 9
ch + mS-Cs when i1l
wher e
| - incone

X - a conposite good which does not affect health,

C_- the price of X (normalized to Cx=1).

X
Ch - the price of a unit of preventive care,
Cs - the unit price of nedical care.

A state-dependent utility function is defined over two goods -
the conposite good, x, and health , h.

V(x) when heal t hy
W(x) when ill

It is assuned that for any given x, utility in the healthy state
is greater than in the illness state, V(<)>W(¢), and that the
individual is risk averse: V>0, V<0, W>0, and W <0.

For the Markovian process of transition between health states
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over time the following probabilities have been defined:
P- The probability that an individual who is healthy
today will also be healthy in the next period, where

P (h) > 0;
1-P - The probability that an individual who is healthy
today will be ill in the next period;

Q- The probability that an Individual who is ill today
will be healthy in the next period, Q(h) > 0;
1-Q - The probability that an individual who is ill today
will also be ill in the next period.

5.3 Optimzation
The individual is assumed to maximzes lifetine expected

utility, allocating the budget anong X, m, and m_, given the
health production function and the budget constraint. Expected

lifetime utility fromT onward is given by

t-T

zT p- " U, (X;H) (11)

where p is the rate of time preference.

One first solves for the optinmal values of X — m and L
subject to the constrains. As noted, these optinal values are
tinme-invariant, inplying that all time periods are identical,
given the state of the individual’ heal t h. Upon totally
differentiating the first order condition, it is possible to
obtain an expression for the individual’s willingness to pay for a
change in tHe |l evel of -the environnental good, :517_ nmeasuring the
val ue at the margin of the public good after al |
utility-naxinizing, consunption adjustnents have been nmade. W
omt the details of the derivation (see Shechter, 1988), and give
the final expression:
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S = (12)

Note that expressions involving utility terms have been factored
out, facilitating 1in principle empirical applications (cf.
Gerkings and Stanley, 1986; Berger, et al., 1987).

We would generally expect % to be negative, because a
decrease in air quality would require some compensation for
utility (at the optimal level) to remain unchanged. The change
would increase health risks and welfare losses, even after the
individual makes an attempt to offset this increase, at least
partially (depending on one’'s preferences), through some budget
reallocations entailing, among others, more spending on preventive
or medical care. For ddI_ 0, the following conditions, - which seem
reasonable - should simultaneously be satisfied:

(@) W>V' -- the marginal utility of income of a non-healthy
Individual is higher than that of a healthy individual.

(b) P’aHh< Q'

That is, the change in the probability of being healthy in the
next period due to a change in air quality is higher for an ill

person than for a healthy one.

In order to apply the model to available data, an additional
simplifying assumption was made, namely that there is no
distinction between medical and preventive activities, and both
having the same unit price. Thus:

. @ au _ 8l oW, 8Hg

= o G Iy Ty

From this it follow that
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[o})
:‘.I:Q)‘Q)
<im

(P'- Q')

] (P*-Q’) g—g
=-| ¢ (13)

Q|
Q
g

The sinplifying assunptions elimnate the rationale for the
transition probabilities, since no distinction is effectively nade
between two states of health. It is inmmediately seen that these
sinplifying assunptions render the results identical with those
obtai ned by Cerkings and Stanley (1986) and Berger, et al. (1987).
It is also readily seen that the amount of noney an individual is
willing to substitute for a given inprovement of air quality
increases as wth health risks of exposure to pollution (8H/8y).
Simlarly, it increases as the efficacy of health or preventive
care services (8H/8m) di m ni shes.

5.4 WP Estimates

The survey did not yield workable data on preventive care
expendi tures of households. W did obtain qualitative statenents
regarding “active” and “passive” responses to air pollution.

Active responses entailed a greater expenditure of time and
effort, and Included activities such as participating in
denonstrations against air pollution, witing protest letters,
shutting wi ndows, etc. About 16% of the sanple Indicated. that they
at one tine or another engaged in such active behavior, but it
woul d be very difficult to assign a nonetary value to those
activities. W did not ask any questions regarding purchases of
home air conditioners (car air conditioners are relatively rare),
because - given the climate of the country - these would be
purchased al nost solely to relieve the harsh effects of sunmer
heat and humdity. W also attenpted to find out whether pollution
affected residential nobility, but only 1.7% of respondents who
had noved in the previous two years indicated that this was the
maj or reason for changing residences. (A sinilar percentage
indicated noise pollution as the prime reason for noving.) O
course, we have no idea how nmany former residents of Haifa have
mgrated out of the region for this reason. Al of this left us
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with no alternative but to assume that only medical care budget
real | ocations matter in households’ health production decisions

Rewiting eq. (13) as (8m/dH) C (8H/8y), 1% \e estimated the
first termusing conditional probabilities. First, specifying a
logit nodel, we estimated the probability of at |east one doctor
visit during a two-week recall period prior to the interview, for
each of three health states: h=0, healthy; h=1, having synptons;
h=2, having synptons and respiratory diseases. Al the other
expl anatory variables (except AV14, see below) are dichotonous.
Medi cal services covered here include doctor visits (nostly at
primary health clinics belonging to one of the health maintenance
organi zations, the so-called “sick funds”) of the interviewee,

spouse, and children.“" Logit regressions were estimated for doctor
visits, including private consultations (separately for
respondents, spouses, and children).

Table 7

The variable representing pollution, AV14, Indicates measured

19 Assum ng the health production function enables us to wite
express it in terms of its inverse, n{Hy), nanmely, that the
conditions of the inplicit function theorem hold.

20 In Israel alnost all medical services are publicly provided,
then, unless they actually sought private nedical services, people
are usually not fully informed of the out-of-pocket expanses.

However, it is reasonable to expect that they would take
cogni zance of the time and psychol ogi cal costs involved in a
clinic visit or a hospital stay. These nay bear sone relationship
to the real economc costs of providing the service. Children
visits to a physician refer to at least one visit by at |east one
child from the respondent’s famly, since children were not
individually identified in the questions relating to health
conditions. See also footnote 15 above.
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(actual or extrapol ated) SO, concentrate i ons (inzzppb).21 The
variable AV14 is significant in every regression. Respondent s
with respiratory system problens are nore inclined to seek nedica
help, and so are fenales, respondents with no children in the 0-18
age group (probably a proxy for ol der respondents), and those of
Asian-North African origin (may also be related to belonging to a
| ower income group). The results for spouses and children were
simlar, with AV14 figuring in all of them but they have not

been used here.

Next, we specified a multinomal logit nodel to describe the
rel ationship between health state and pollution levels, where
P, = prob(hz1), and P, = prob(h=2). The results are given in Table
8. Again, as expected from the discussion in Section 2 above, AV14
is highly significant. The coefficients of the socioeconomnc
variabl es have also the expected sign.

Table 8

Viewing the medical care use probabilities as conditiona
probabilities given one’s health state, we have cal culated the
change - at mean val ues of the other explanatory variables - of
reduci ng mean AV14 by 50% (goi ng fron1yb to yl.\ﬁz.,

zZ p(doctor visit in past 2 weeks / hi) x p(hi/y=yo)

21 Since pollution data is nmeasured only at a few points in the
Haifa metropolitan region (and only SO,on a continuous basis), it

was necessary to extrapolate anbient concentrations for the rest
of the survey nei ghborhoods using an ad hoc dispersion nodel
Average concentrations were conputed for two-week  periods
preceding the date of any given interview. The two-week averages
are based on hal f-hour concentration readings

22 An alternative set of regressions was run with the variable
MAX14, representing naxinum daily concentration for the preceding
t wo-week period, but AV14 turned out to be a better predictor.
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- I, p(doctor visit in past 2 weeks / hi) X p(hl/y=y1).i=0,1,2

The decrease anounted to 2.26% percentage points, or about 8% from
present usage levels. Converting this result to expected nunber of
annual visits, and multiplying by C, the cost per visit of NS
30, 23 yields a rough approximation of WP of NS 32.43.

O course, this figure is an underestimate: (a) It does not
include visits of spouse and children; (b) it is based on a
question which asked whether there was at |east one visit during
t he preceding two-week recall period, but did not ask for the
actual nunber of visits; (c) it does not include hospitalization
cost24 or medication costs25 ; (d) finally, as explained above, it

overl ooks the labor cost savings.

An altogether different question is associated with the
nature of nedical care services in a country like [Israel, where
nost of the population Is covered by one formor another of a
subsi di zed quasi-public health insurance scheme. In this sense
i ndividual s do not have to nake budget reallocation adjustnment in
the way assumed in the nodel. However, as remarked above. time and
I nconveni ence associated with a visit to a primary health clinic
m ght neverthel ess be playing a major role, not nuch different
from that of money expenditures. This of course is another major
drawback of the enpirical results, but we surmse that CVM
valuations may have well been simlarly affected.

23 Al though no statistics are available, we believe this figure to
be close, though sonmewhat |ower than the corresponding cost of a
private consultation visit to a general practitioner.

24 Respondents were al so asked about hospitalization during the 12
month period preceding the interview for illnesses connected wth
the respiratory system but the nunber of responses was too smal
for any meaningful analysis.

25 The expected decrease in the probability of obtaining medication
resulting from pollution reduction, has been calculated to reach
17% approxi mately (a decrease from p=0.113 to 0.094).
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6. COST OF ILLNESS (CO) VALUATIONS
6.1 Consunption of Medical Services and Bed Day Losses
The CO approach nornally covers direct (expenditures on

medi cal services) and indirect (incone reduction due to work day
and productivity losses). As observed above, given that work |oss
has been neglected in the household production nmodel, we have nade
an attenpt to estinmate these |osses. Since individuals would not
directly suffer the consequences of work |oss days because of the
al most universal coverage by enployer-paid sick-day leave, this
cost is distinctly a social cost. W would not expect it to be
expressed through individual WP val uations.

A binary response nodel was used to analyze bed days during
the two week recall period. The response variable, STY, was
defined as foll ows:

STY= { 1 if respondent missed one or nore days
0 otherw se.

Al t hough our sanple was large (n=954), the results are
neverthel ess based on a relatively small nunber of observations,
since only 65 cases were respondents who reported that they were
absent fromwork for at |east one day during the fortnight. A node
was fitted with both socioeconomic and health attributes, using

backwards elimnation to fit the logistic regression. The
estimated equation is given in Table 9.

Table 9

Wien AV14 is reduced by 50% the probability of at |east one
bed day decreases from p=0.051 to 0.041, a drop of 18 percent.
Wrk |oss days at present pollution levels constitute about 1.85%
of all work days. The total expected annual savings in number of
work loss days due to pollution abatenent, AL (assum ng 300
wor ki ng days per year), is given by AL = E x 300 x 1.85 x Ap,
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where E is the nunmber of enployed persons (above age 15) in the
metropolitan region, and ap = 0.18. A simlar calculation was
performed for the non-working persons in the sanple. The weighted
nmean sanple percentage of bed days (corresponding to the working
group’s work |oss days) is 3.57.

Assigning a nmoney value to these savings, would of course
vary with the specific assunptions relevant in each case. The
present cal cul ations were based on 1987 gross wages per salaried
enpl oyee, including social benefits, of NIS 1,832 per nonth, or
$1,221 (Central Bureau of Statistics, Statistical Mnthly, April,
1988). At this wage rate, the noney value of the savings would
total NIS 10 mllion per year for the working group. For
illustrative purposes, if we also value a day of a non-working
person at 1/2 that of a working person, an additional savings of
almst NIS 8.5 mllion would be achieved, for a total of NIS 18.5
mllion. On a per household level, the expected savings would
amount to about NS 185.0

7. COVPARATI VE EVALUATI ONS
7.1 CW vs. Indirect Approaches

Several witers (e.g., Randall, 1987; Mtchell and Carson,
1989) have noted that the CVM approach deals with ex ante
val uations, while the indirect approaches are wusually associated
Wi th ex post valuations. This inplies that one therefore should

not expect to necessarily obtain close estimates in the two
approaches; but the opposite is not necessarily true, either.

Reliability of either approach (which one would supposedly be an
empirical question) night be questioned, however, if results
derived fromthe sane set of observations turn out to be vastly
different. Hence, a conparison of the results fromthe various
approaches should be illumnating. Table 10 summarizes the val ues
obtai ned under the different approaches.

Table 10
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The closeness of the valuations is quite  encouraging.
Al though the indirect approaches cover all respondents, including
zero bidders, it is assuned that the this approach yields true
val uations of protest bidders as well, and hence, the conparison
should be made with the true bidders (non zero and true zero) of
the corresponding CVM experinments (Tables 3 and 4). It should be
noted especially that the mean values of individual household
valuations in the two approaches are wthin the sane order of
magni tude (NIS 9.8 vs. 34.5 for wIPS, and 73.3 vs. 68.6 for WIP®).

7.2 Health Production, CO and CVM val uations
Al t hough very tenuous assunptions were made in applying the

househol d heal th production approach, one observes the closeness
of the results to the CVM valuations. Since the nodel neasures
responses to reduction in pollution, the appropriate conparison is
with the wrP€ valuations. Indeed, if other health and preventive
care conponents were added, the results of the wrp® conpari sons
could have turned out to be even closer.

Theoretically, the cost of illness estimtes should have at
best provided a |ower bound on WIP val uations. But this should not
have been the case in the present study, given that CO estinates
refer to social rather than individual WP, and include conponents
which do not figure directly in the individual’s decision making
process. Thus, households do not directly bear all the cost of air
pol lution damages. They are covered by medical insurance, and do
not bear the full cost of medical services. Part of the premumis
pai d by enployers and, furthernore, medi cal services are
subsi di zed by the government. In addition, paid sick-leave is
al most universal for salaried workers. But, noreover, people
clearly do not possess the kind of dose-response information which
woul d have enabled themto fully assess the econom c inpact of
exposure and disease. These facts woul d necessarily be reflected
in WIP val uations. One should also note that cost of illness
estimates are probably nore susceptible that the others to data
“mani pul ation”. The results are sensitive to what we assume about
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the appropriate values for work | oss of enployed and unenpl oyed
individuals, the ratio between privately purchased and publicly
provided prescriptions, and the cost of physician visits, etc.

In a certain sense, one mght speculate that CVM responses
represent willingness to pay to reduce the direct disutility
associated with nmorbidity, plus maybe the aesthetic disutility of
air pollution. Namely, CVM valuations are essentially the
psychol ogi cal costs associated with pollution. Indeed, results
presented el sewhere (Zeidner and Shechter, 1988) indicate that WIP
Is sensitive to anger and anxiety caused by perceived exposure to
air pollution. If this were indeed the case, then the CVM
valuations, or at least part of them should be added to cost of
i1l ness val uations!

7.3 Sonme concl uding comments
Wthin the framework of a study dealing with the valuation of
benefits from pollution abatenment, several approaches wer e

investigated. A notable feature of the present study has been the
use of the an identical data base - households, their attributes
and responses - in all three approaches. Wile contingent
val uation relies exclusively on direct question techniques, so
that survey data are a sine qua non, market demand systens are
normal |y estimated from aggregate, secondary market data. In this
study, however, the sane primary data base was used. Valid
conparabl e val uations pertaining to the same set of househol ds
were thus obtained. Since all approaches are presuned to measure
the same thing(s), one should a priori expect the results to be
cl ose.

In this vein, we view the results as rather encouraging and
believe that they provide further inpetus for the use of CVWM O
course, inproved statistics on health and preventive care should
offer an inproved basis for alternative, indirect appaoraches.
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